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o meet the re1evant performance standards.

How to- Demonstrate That Leak Detect1on Methods Meet EPA's Performance

'Standards

" The Environmenta1 Protect1on Agency's: (EPA's) regu]at1ons for .
underground storage tanks require owners and operators to check for leaks
on a routine basis using one of a number of detection methods (40 CFR .
Part 280, Subpart D) In order to ensure the effectiveness of these

- methods, EPA set minimum performance standards for equipment used to
- comply with the regulations. For example, after December 22, 1990, all

tank tightness testing methods must be capable of. detecting a.0.10 galion

-per: hour -leak rate with a probability of detect1on of at least 95% and a
- probability of false alarm of no more than 5%. It is up to tank owners

and operators to select a method of leak detection that has been shown to

Deciding whether a method meets the standards has not been easy, o

- however. Until recently, manufacturers of leak detection methods have

tested their equipment using a wide variety-of approaches, some more
rigorous than others. Tank owners and operators have been generally
unable to sort-through the conf11ct1ng sales claims that -are made .based
on the results: of ‘these evaluations. To help protect consumers, some
state agencies have developed mechanisms for approving leak detection
methods. These approval procedures vary from state to state, making it
difficult for manufacturers to conc]usive]y prove the effectiveness of
their method nationwide. The purpose of this policy is to describe the -

-~ ways that owners and. operators can check.that the leak detection equip-

ment or service they purchase meets the federal regu1atory require-

' ments. States may have add1t1ona1 requ1rements for approv1ng the use of |

leak detect1on methods,‘

"EPA’ w111 not test, ertify, or approve spec1f1c brands of commerc1a1

) leak detection equipment. The large number of commercially available . s
. leak detection methods makes it impossible for the Agency to test all the
-equ1pment or to review all the performance claims. Instead, the Agency

is describing how equipment should be tested to prove that 1t meets the

~standards. Conducting this testing is left up to equipment manufacturers

in conJunct1on with third-party testing organizations. The manufacturer

~ will then. provide a copy of the report showing that the method meets

EPA's performance standards. This information should. be provided to

‘customers or regulators as requested. Tank owners and operators should
" . keep the evaluation results on f11e to satisfy EPA‘s record keep1ng

requ1rements.
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-EPA recognizes three distinct ways to prove'that;a particular,brand
of leak detection equipment meets the federal performance standards:

1. Evaluate the method using EPA's standard test procedures for
1eak detection equipment'

2. Evaluate the method .using a nat1ona1 voluntary consensus code or
standard developed by a nationally recognized association or
independent third-party testing 1aboratory, or,

3. Evaluate the method using a procedure deemed equivalent to an
EPA procedure by a nationally recognized association or
independent third-party test1ng 1aboratory.

The manufacturer of the Teak detection method should prove that the
method meets the regulatory performance standards using one of these
three approaches. For regulatory enforcement purposes, each of the
approaches is equally sat1sfactory. The following sections descr1be the
ways to prove performance in more deta11.»

EPA Standard Test Procedures
EPA has developed a series of standard test procedures that cover

most of the methods commonly used for underground storage tank leak
. detection. These include: :

1. “Standard Test Procedures for Evaluating Leak Detect1on ‘
Methods: Volumetric Tank Tightness Test1ng Methods"

2. “Standard Test Procedures for Eva1uat1ng Leak Detection SR o
Methods: Nonvolumetric Tank Tightness. Testing Methods" _ : :

3. "“Standard Test Procedures for Evaluating Leak Detection
Methods: Automatic Tank Gauging Systems"

4, "Standard Test Procedures for Evaluating Leak Detection
Methods: Statistical Inventory Reconc111at1on Methods“

5. "Standard Test Procedures for Eva1uat1ng Leak Detect1on
Methods: Vapor-Phase Out-of-tank Product Detectors"

6. "Standard Test Procedures for Eva]uatlng Leak,Detection
Methods: Liquid Phase Out-of-tank Product Detectors®.

7. "Standard Test Procedures for Evaluating Leak Detect1on
Methods: Pipeline Leak Detect1on Systems"

Each test procedure prov1des an explanat1on of how to conduct the test,

_how to perform the required calculations, 'and how to report the -
results. The results from-each standard test procedure provide the

3
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1nformat1on needed by . tank owners and' operators to determme if the
method meets the regu]atory requ1rements.

The EPA standard test procedures may be ‘conducted- d1rect1y by equ1p-

" ment manufacturers or may be conducted by an independent third party
_under contract to the manufacturer. However, both state agencies and

tank owners typically: prefer .that the evaluation be carried out by an
independent third-party in order to .prove compliance with the regula-
tions. Independent third-parties may include consulting firms, test
laboratories, -not-for-profit.research organizations, or educational
institutions with no organizational conflict of interest. In general,
EPA believes that evaluations arée more 1ikely to be fair and obJect1ve
- the greater the independence of the evaluating organization. .

Nat1ona1 Consensus Code or Standard

A second ‘way for a. manufacturer ‘to prove the performance of Teak-.
detection equipment is to evaluate the system following a national volun-
tary consensus code or standard developed by a nationally recognized -
‘association (e.g., ASTM, ASME, ANSI, etc.). Throughout the technical
regulations for underground storage tanks, EPA has relied on national
voluntary consensus codes to help tank owners decide which brands of
equipment are acceptable. Although no such code presently exists for
evaluating. leak detection equipment, one is under consideration by the
ASTM D-34 subcomnmittee. The Agency will accept the results of evalua-

- tions conducted following this or similar codes as soon as they have been

adopted. Guidelines for developing these standards may be found in the
U.S. Department of Commerce "Procedures for the Development of Voluntary.
Product Standards" (FR Vo1 .51, No.v118 June 20 1986) and” 0MB C1rcu1ar

Mo A-19.

A1ternative Test Procedures Deemed Equivalent to’EPA'

In some cases, a spec1f1c Teak detect1on method may not be ade-

* quately covered by EPA standard test procedures or a.national voluntary.

consensus code, or the manufacturer may have access to data that makes it
easier to evaluate the system another way. Manufacturers who wish to
have their equipment.tested according to a different plan (or who have
already done so) must have that plan developed or reviewed by a
nationally recognized. association or independent third-party test1ng .

. laboratory (e.g., Factory Mutual, National Sanitation Foundation, ,
Underwriters Laboratory, etc.). The results should include an accredita-
tion by the association or laboratory that the conditions under which the
test was conducted were at least as rigorous as the EPA standard test .
procedure. In general th1s will require the fo]]ow1ng° k




‘1. The evaluation tests the system both under the no-leak condition ‘
" and an induced-Tleak condition with an induced leak rate as-close
as possible to (or smaller than) the performance standard. In
the case of tank testing, for example, this will mean testing .
under both 0.0 gallon per hour and 0.10 gallon per hour leak
rates. In the case of ground-water monitoring, this will mean
testing with 0.0 and O. 125 inch of free product.

2. The eva1uat1on should test the system under at 1east as many .
different environmental conditions as the correspond1ng EPA test
procedure. : ‘

3. The conditions under which the system is eva]uated should be at
least as rigorous as the conditions specified in the corre-
“sponding EPA test procedure. For example, in the case of volu- -
metric tank tightness testing, the test should include a
temperature difference between the delivered product and that
v already present in the tank, as well as the deformation caused
" by filling the tank prior: to testing.

4. The evaluation results must contain the same‘information and
should be reported foliowing the same general format as the EPA
standard resu1ts sheet.

5. The eva1uation of the leak detect1on method must include = -
_physical testing of a full-sized version of the leak detection ,
equipment, and a full disclosure must be made of the experi-: \.-
mental -conditions under which (1) the evaluation was performed, '
and (2) the method was recommended for use. An evaluation based
solely on theory or ca1cu1at1on is not suff1c1ent.
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. SECTION 1 |
INTRODUCTION

1.1 BACKGROUND , | o n .
The regulations on undergrbund Stofage tanks (40 CFR Part 280,,§ub-

- part D) specify performance standards .for leak detection methods that are

internal to the tank. For tank tightness testing, the tests must be ,
capable of detecting a leak of 0.10 gallon per hour with & probability of
(at least) 95%, while operating at a false alarm rate of 5% or less.

- A large number of test devices and methods are reaching the market, .
but Tittle evidence is available to support their performance claims. -
Advertising literature for the methods can be.confusing. Owners and ‘
operators need to be able to determine whether a vendor's tank tightness -
test method meets the EPA performance standards. The implementing
agencies (state and ‘local regulators) need to be able to determine -
_whether a tank facility is following the UST regulations, and vendors of -
tank tightness test methods need to know how to evaluate their systems.
Presently, there are two categories of ‘tank tightness testing -
methods on the market: (a) volumetric testing methods, which measure
directly the leak rate in gallons per hour, and (b) nonvolumetric testing
methods, which report only the qualitative assessment of Teaking or not

~ leaking.* These two testing methods require different testing and

statistical analysis procedures to evaluate their performance. The
protocol in this document should be followed when the method is a :
-nmonvolumetric one. The evaluation of the performance of volumetric tank

~ tightness testing methods is treated in a separate protocol. To simplify

the terminology throughout this document, nonvolumetric tank tightness
testing methods are referred to as tank tightness testing methods.

. The use of tracers for leak detection purposes is one of the -
approaches permitted by the regulations. While the approach has been
classified by some as an external (out-of-tank) method, it has several:
characteristics that are common to nonvolumetric internal methods. In

"~ particular, the type and amount of data collected and the statistical

analysis of the data are nearly identical to those used for other
nonvolumetric methods. Also, the tracer is internal to the tank,—
although the sensors are external to the tank. This protocol includes

~volume change, but in a'qualitative manner..

Conceivably, a "nonvolumetric method" could utilize some measure Of
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procedures for determmng whether ‘the performance of a method using ' ‘
tracers meets the performance requ1rements for tank tightness test1ng.

1.2 OBJECTIVES

The objectives of this protocol are twofold. First, it provides a
procedure to test tank tightness testing methods in a consistent and
rigorous manner. Secondly, it allows the reguiated commun1ty and regu-
lators to verify compliance with regu1at1ons.

; This protocol provides a standard method that can be used to

estimate the performance of a tank tightness test method. Tank owners
and operators are required to demonstrate that the method of.1leak
detection they use meets the EPA performance standards of operating at
(no more than) a 5% false alarm rate while having a probability of
detection of (at Teast) 95% to detect a leak of 0.10 gallon per hour.
This demonstration must be made no later than December 22, 1990. The
test procedure described in this protocol is one example of how this
Tevel of performance can be proven. The test procedure presented here is
specific, based on reasonable choices for a number of factors. Informa-
tion about other ways to prove performance is. prov1ded in the Foreword of
this document. : - v

This protocol doeS'not address the issue of'safety testing of equip-
ment or operating procedure. The vendor is responsible for conducting
the testing necessary to ensure that the equipment 1s safe for use with
the type of product be1ng tested. ,

1.3 APPROACH

- In general, the protocol calls for using the method on a tight tank
under no-leak conditions and under induced-leak conditions, producing - ?
leak rates of 0.10 gallon per hour or less. The nonvolumetric test
method being evaluated determines whether the tank is Teaking or not )
during each test. .This reported result is compared with the actual.con- ’
dition of the tank during testing to estimate the false alarm rate.and
probability of detection. Once these probabilities have been estimated,
the estimates are compared with the EPA ‘performance standards to deter-
mine whether the method meets the EPA performance standards.

The companion eva1uat1on protocol for vo1umetr1c tank tightness
tests ("Standard Test Procedures for Evaluating Leak Detection Methods: -
Volumetric Tank Tightness Testing Methods," March 1990) requires testing.
under different-conditions that simulate interferences 1ikely to be :
encountered in actual test conditions. For volumetric methods these
include adding product at, temperatures'different from that of the product .

in the tank and filling the tank prior to some of the tests., Such tests
address temperature effects and tank deformation effects that can affect

measurements of level or volume change. If the nonvolumeiric method S
being tested uses physical principles that might be affected by :




~ temperature or’ tank ‘deformation effects, then the test series should

~account for these. - If the evaluator.determines that the physical princi-
‘ples of the-test are not affected by these variables, then the tempera-

. ‘ture and tank deformation parameters need not be varied during the test

.. series. Conversely, if the evaluator determines that other sources of
..interference (e.g., background vapor concentrations, external acoustical

noise) might affect the performance of the method, then conditions to

- -test for these effects mUst,bejinc1uded in the design. For purposes of
- ‘illustration, -this protocol assumes that temperature and tank deformation
-effects are important, unless the evaluator determines otherwise.

_. Some nonvb]umgtfic'teét methods use more than one approach to

‘detecting a leak. 'In this event, each approach must be tested and
-evaluated to determine whether or under what conditions the system meets

the EPA performance standards. For example, some nonvolumetric methods

rely on detection of water incursion during the test to detect a leak in

the presence of a high ground-water level. If this is part of the

- ‘standard operating procedure, the water detection sensor needs to be
- evaluated as part ‘of the evaluation procedure. . In addition to deter- L
- .mining the performance of the water detection sensor as a leak indicator, .

the performance parameters (minimum detectable water level and minimum
detectable level change) must be related to the size of the test tank to
determine whether the water detector-could sense water incursion at the :

-rate of 0.10 gallon per hour under the test conditions with a probability
~of at least 95%, while operating at a false alarm rate of 5% or less. ,
- That is, each mode of leak detection must be evaluated and compared to . -
‘the EPA performance standards.” = - C :

It is emphaéiZed fhat‘testing must 1ﬁc1ude conditionsAHeSigﬁed to

- test the ability of the method to correctly detect a leak of the speci-
- fied size (0.10 gallon per hour) in the presence of sources of interfer-

ence. ' Sources of interference, such as product temperature changes, that
do not affect the physical principles of operation of a method do not -
need to-be included in the testing. However, the evaluating organization
must consider what alternative sources of interference might affect the
operation of the method and must include tests to determine whether the

- method successfully overcomes these sources of ‘interference. The testing
-~ conditions should be designed to cover the majority of cases; that is,

interference conditions-as extreme as would be encountered in-approxi-
mately 75% of real world tests. Testing need not include extreme cases
that are rarely encountered. ' T o

This document addresses two- general types of rionvolumetric tank
tightness testing methods. One type is internal to the tank. 'A-probe
with sensors is placed in the tank and senses whether some physical

" characteristic associated with a leak is present. The second type

introduces a tracer material into the tank. The method then detects.
leaks by monitoring the exterior of the tank for' the presence of the -
tracer. Since the only source of the tracer is from the tank, the

presence or absence of tracer in the external environment is taken to be
_ conclusive evidence that the tank is either:leaking or tight. . :




.The technical requirements for the use of tracers-are described in-
the release detection section of the regulations on vapor mon1tor1ng (40
CFR 280.43[e]). The major requirements which must be considered in
evaluating the tracer method are therefore. ‘ ,

1. The backfill where the sampling is conducted must be porous
enough to readily allow diffusion of vapors to the sensor.

2. The tracer must be volatile enough to produce vapor 1evels wh1ch
are detectable. by the monitor1ng device.

3;- Ground water, ra1n, or so11 mo1sture must not 1nterfere with the
operat1on of the monitor.

4, Background contaminations must not 1nterfere w1th the detection
of releases from the tank.

5. The number and position1ng of the mon1tor1ng wells must be
optimized for the detection of leaks from any part of the
system. . v

Although these requ1rements are for continuous vapor monitor1ng devices,-
they apply to the use of a tracer technique when it is used as a tank
tightness test. Accordingly, the present protocol takes these factors
into account when eva]uating tracer techn1ques.

Two types of tracer,techn1ques have been deve1oped: those which add,
tracer to the fuel and can perform a leak test with product in the tank; ,
and those which place a gas into an empty tank.- The former typically

. uses halogenated hydrocarbons as the tracer matéerial while the latter may
use sulfur hexafluoride or helium as the tracer material. In both cases,

. the tracer is placed in the tank and sampies are collected outside the

tank. Depending upon the specific method, or variation thereof, the time

to detect a leak may vary from a few minutes to several days. Estimates:

of the leak rate can be obtained from methods which add tracer to the -
product, for example, by using a spiked sample to produce & known

" concentration which can be compared to the observed concentration of

tracer found at a leaking tank. Methods which use gases in an empty tank

are ‘usually limited to pass/fail conclusions since it is difficult to

relate the Toss of a gas through a hole to an equivalent amount of - :
product through the same hole. The tracer techniques may also be used to-

test the product lines or any other part of the system which is exposed

to the tracer. ,

The app]icat1on of a single protoc01 to the various tracer>tech—
niques may present some practical problems. The use of a tracer in an
actual test situation will contaminate the environment with the. tracer,
rendering the site unsuitable for replicate testing, at least, for.some
period of timé. For methods which rely on halogenated compounds, it may
be possible to use several different tracers at the same site. For
methods which rely on a single tracer, the tracer must either be removed
from the site using techniques such as forced ventilation, another site




' must be se1ected for the rep11cate test1ng tracer, or the: rep11cate tests

must wait until the tracer has dissipated. Since several replications
are required for satisfactory statistical ana]ys1s, the procedures can

: prove to be cumbersome.

It is recogn1zed that new nonvo]umetr1c methods may be deve]oped

'.after this document is pub]ished. These new methods could bé based on
'different physical principles from those emp]oyed by currently availabie

methods. The detailed test methods déscribed in this document may not be=7‘

‘entirely appropriate for new methods in that they may not' address these

new approaches.: To allow for such contingencies, it will be the respon-

sibility of the evaluating organization to determine whether a new method fi,

can be evaluated with the current protocol or whether the new method has'

. aspects that require additional or different testing. ' In the latter

case, it is the respons1b111ty of the evaluating organization to devise '

- an appropriate test series and conduct the testing needed to evaluate the

method in a manner such that its performance can be compared to the ‘EPA

'performance standards. See the Foreword for a description of alternative
.. approaches. s . N - : !

:1.4 EFFECTS OF HIGH GROUND—NATER LEVEL

The ground-water Tlevel is a potent1a11y 1mportant var1ab1e in tank
testing. Ground-water levels are above the bottom of the tank at approx-,

" imately 25% of the tank sites nationwide, with higher proport1ons in

coastal regions. Also, tidal effects may cause fluctuations in the

. ground-water level dur1ng testing in some coastal regions. If the .- o
ground-water level is above the bottom of the tank, the water pressure on .

the exterior of the tank will tend to counteract the product pressure
from the inside of the tank. If .the tank has a leak (hole) below the

-~ 'ground-water level, the leak rate in the presence of the high ‘ground-
~water level will he less than it would be with a Tower ground-water

level. In fact, if the ground-water 1eve1 is- high enough water may

.1ntrude into the tank through the hole. .

" The means by which the method .deals with the ground-water Tevel must :
be documented. A method that does not take the ground-water level into -
account’ is not adequate. If the ground-water level is determined to be-
above the bottom of the tank, a method that tests in this situation must
include. a means of compensating for the high ground-water level. Accept-

" able means of compensating are to either ensure that the tank has an out-.
- ward pressure. throughout or that the groundwater exerts an inward pres-
* sure at all levels in-the tank. -If an alternative approach to, compensat-

ing for ground-water effects is used, the evaluating organization must
perform an eng1neer1ng evaluation of the approach to ensure that it :is

_adequate. If in doubt, the evaluating organ1zat1on may. require tests 1n

addition to those detailed in this document. g
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1.5 ORGANIZATION OoF THIS DDCUMENT

The next section presents ‘the scope and applications of th1s .
protocol. Section 3 presents an overview of the approach, and Section 4
presents a brief discussion of safety issues. The apparatus and mate-
rials needed to conduct the evaluation are discussed in Section 5. The

step-by-step procedure, adapted for two existing types of nonvolumetric

test methods, is presented in Section 6. Section 7 describes the data
analysis and Section 8 provides some interpretation of results. Sec-
tion 9.describes how the results are to be reported. ,

— Two appendices are included in this document. Def1nit1ons of some
technical terms are provided' in Appendix A. Appendix B presents a com-
pendium of forms: a standard reporting form for the evaluation results,
a standard form for describing the operation of the method, data report- -
ing forms, and an individual test 1og.' Append1x B thus forms the basis
for a standard evaluation report. '




"SECTION 2
SCOPE AND APPLICATIONS .

This document presents a standard protocol for eva1uat1ng nonvo]u-

:me£r1c tank "tightness testing methods. The protocol is designed to -

evaluate methods that test a tank at a specific point in time. The
methods determine a yes or no answer to the question: "Is the tank leak-

| - ing?" The nonvolumetric methods currently commercially available use
~ some physical result from a leaking tank to make this ‘determination.
.Some may use more than one ‘characteristic of.a leaking tank in making

the1r determination.. This protocol is designed to evaluate the method's o

‘ abi11ty to detect a leak of 0.10 gallon per hour with a probability of at

Teast 95%, while operating at a false alarm rate of no more than 5%, as
specified in the performance standard in the UST regu]at1ons.

‘The protoco]«a]so;prov1des tests to determine the minimum Water'

'71eve1 that the method can detect. In addition, the protocol tests the

ability of the water sensor to measure changes in the water level. These

~are evaluated over a range of a few inches in the bottom of the tank.

The minimum water level and minimum water. level change that the method

' can detect are converted to ga]]ons using the geometry of the tank. From
- that, the minimum time it would take the sensor to detect a 0.10-gallon

per hour leak is calculated.. These tests are only performed if the

. method uses a water sensor to detect leaks in situations such as a- high

ground-water Tevel.

The document also presents a protoco1 for eva]uat1ng tracer methods

at actua1 tank installations. The protocol does not include laboratory
, »test1ng of components such as vapor sensors. It is designed to be used
. for tracer methods that are applied to a° tank at a specif1c po1nt in

time. : - . _ 9

.Subject to the 11m1tat1ons 11sted on the Resu]ts of U S. EPA
Standard Evaluation form (Appendix B), the results of this evaluation can .
be used to prove that a nonvolumetric tank tightness testing method meets

the requirements of 40 CFR Part 280, Subpart D.. The Results of USEPA

Standard Evaluation form 1ists the 11m1tations on the method. For
example, a minimum time for the test may be required in order for the
physical characteristic of a leak to be sensed or for the tracer to reach
the sampling ports. The performance results are va11d provided the test

v.is conducted for at least the. specif1ed time. -




B : . . : E .
! : ) - Y . - . - - .
co .. ST S '
- - . . - L - P - -
. - . . i ,
- LD s L. - oo R . P - R - Lo e . o - -
) . . . -
. . . . .
. - . .
B . .
. - : . N .
E . ! ’ -
. - i
. . .
. ) . N
. — . .
.
. -
.
4
.
-
“ .
.




. SECTION 3-
-0 SUMMARY

The evaluation protocol for nonvolumetric tést methbds calls for

- conducting the testing on a tight tank. The organization performing the .

evaluation should have evidence that the tank used for testing is tight,
independent of the system currently being tested. The evidence that the -
tank is tight may consist of any of the following: o SRR

1. At least three automatic tank gauging system (ATGS) records
° within.a 3-month period with inventory and test modes indicating
-a tight tank. O L :

2. A tank tightness test by'another test method in the 6 months
_ preceding testing that indicates a tight tank. - o
. 3. Continuous vépbr or liquid monitoring system installed.that
: indicates a tight tank. o ) ‘ I
Any'bf;the'above,:verifiedvby a tight test?fésu1t on‘the initia1 fest".’
(trial run) of the method under investigation, constitutes acceptable )
evidence. This information should. be reported on the data report form -

~ (see Appendix B). 7 :

. The-protocol calls for an initial test (trial run) under stable
conditions to ensure that the equipment is working and that there are no
problems with the tank, associated piping, and the test equipment. If

’, the tank fails the trial run test, however, then testing should not

proceed until the problem is identified and corrected. Only if the

" evaluating organization has strong evidence that the tank is tight,-
should testing proceed. o : o o

The tank tightness testing equipment is ihsta11ed;at the fank site
to be tested following the method's standard operating procedure. A
minimum of 21 independent tests of the ‘tank.under the no-leak condition

“are ‘performed. = The results of these tight tank tests will -be used to
..~ .estimate the false alarm rate, P(FA).' In addition,. induced leaks at

rates not to exceed 0.10 galion per hour are simulated. Again, a minimum

.of 21 independent tests are performed with these induced leaks. The

results of these tests will be used to estimate the probability of

(tight tank or induced leaks) is kept blind to the vendor.

- detecting a leak of the magnitude used, P(D). The simulation conditibn




.If sources of interference are to be evaluated, test conditions . ‘
including these interferences are set up in a balanced experimental

design. The conditions that may interfere with the method are applied to -
both tight and induced leak tests. The..order of the tasts is randomized

to ensure that the conditions are kept blind to the vendor. The order of
both the interfering conditions (if used) and the leak conditions are
randomized. -The proportion of tests under the tight tank condition that
incorrectly indicate a leak is used, to estimate the probability of a

false alarm, while the proportion of induced leak tests correctly iden-
tified is used to estimate the probability of detection. Thus, -each per-
formance parameter, P(FA) and P(D), is estimated based on at least .

21 tests. . . ' o T - C ‘ '

For tracer methods, the protocol calls for the use of the method on

a tank environment which is representative of a typical UST installa-

tion. It is not necessary for the tank to be in service to be acceptable

for the evaluation process. The type of backfill around the tank, , -

however, should be known and should be either sand, pea gravel, crushed - :

rock, or other material which is commonly used as backfill material. If 1.

the monitoring is conducted in areas other than the backfill, the char-.- !
" acteristics of the soil at the sampling location should also be known. ‘

The testing of a nonvolumetric method based on tracer technology
also involves a minimum of 42 tests. At least 21 tests are done under :
the tight tank condition and are used to estimate the probability of a = S
false alarm. At least 21 tests are done with an induced or simulated .
leak -and are used to estimate the probability of detection. As before, 6
if interfering conditions are to be incorporated into the experimental P
design, these are established for tests in a random order. To estimate
P(FA), the tracer is introduced into the product in the tank. After .
mixing and after the appropriate waiting time determined by the method's
standard operating procedure has elapsed, the sample ports are sampled to
determine if the tracer is detected. False alarms could occur if tracer
is accidentally released during the process of adding it to the product:
or mixing it with the product. Consequently, the steps of adding the
tracer and mixing the product in the tank should be repeated for each
tight tank test. T o

For tracer methods, induced leaks are simulated by spiking the soil . :
with a sampie of nonregulated material containing the tracer. For o
example, a vegetable 011 containing the tracer at the working concentra- -
tion (e.g., 10 ppm) could be used to spike the soil at 0.10 gallon per
hour. This would be continued for the specified test duration and the .
results recorded. To keep the process blind to the vendor, randomized
samples of spiking solution, some with and séme without tracer, could be
used and spiking done for each test. . IR B :

10




SECTION 4
SAFETY

‘ ~This discussion does not purport to address all the safety consider-
- ations involved in evaluating leak detection equipment and methods for
underground storage tanks. .The equipment used should be tested and
determined to be safe for the products it is designed for. Each Teak .
detection method should have a safety protocol as part of its standard

- operating procedure. This protocol should specify requirements for safe-
installation and use of the device or method. This safety protocol will

~ be supplied by the vendor to the personnel involved in the evaluation.

In addition, each institution performing an evaluation of a leak detec- -

tion device should have an institutional safety policy and procedure that
.will be supplied to personnel on site and will be followed to ensure the

safety of those performing the evaluation. v : : ’

. Since the evaluations are performed on actual underground storage

- tanks, the area around the tanks should be secured. As a minimum, the th
following safety equipment should be avai]ab]e at the site; R

= Two class ABC fire extinguishers

~* One eyewash station (portable) . :

* Onecontainer (30 galions) of spill absorbent
e Two -"No Smoking" signs - - '

- Personnel working at the underground storage tank facility should -
- wear safety glasses when working with product and steel-toed shoes when

- handling heavy pipes or covers. After the safety equipment has.been

" placed at the site and before any work can begin,. the area should be ,

" secured with signs that read "Authorized Personnel Only" and "Keep Out."

. A1l saféty procedures'apﬁropriate,for thé pﬁoduct in the tanks o
should be followed. ' In addition, any safety procedures required for a
particular set of test eguipment should be followed. o : .

.This test procedure only addresses the issue of the method's ability
to detect leaks. It does not address testing the equipment for safety
hazards. The manufacturer needs to arrange for other testing for con- -
struction standards to ensure that key safety hazards such as fire,.
shock, intrinsic safety, product compatibility, etc., are. considered.

- The evaluating organization should check to see what safety testing has
been done before the equipment is used for testing to ensure that the
test operation will be as safe as possible. ‘ g ;

¢
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. SECTION 5 .
. APPARATUS AND MATERIALS

5.1 TANKS

The evaluation protocol requires the use of an underground storage -
‘tank known to be tight. A second tank or a tank truck is needed to store
product for the cycles of emptying and refilling, if required. As dis-
cussed before, the tank should have been tested and shown to be tight by

. .any of the three methods described in. Section 3. The tank should not .

. have any history of problems. In.addition, the protocol calls for an
© initial trial run with the test equipment under stable conditions.- This
test should indicate that the tank is tight; if it does not, there may be
a problem with the tank and/or the test equipment that should be resolved

~ before proceeding with the evaluation. -

The tank facility used for testing is required to have at least one
monitoring well. The primary reason for this is to determine the ground-
water: level. The presence of a ground-water level above the bottom of
the tank would affect the leak rate in a real tank, that is,.the flow of
. product through an orifice. The flow would be a function of the differ-.
- ential pressure between the inside and outside of the tank. However, in
a tight tank with leaks induced to a controlled container separate from
~ the environment, the ground-water level will not affect the evaluation
testing. Consequently, it is not necessary to require that testing
against the evaluation protocol be done in a tank entirely above the

ground-water level. The monitoring well can also be used for leak detec- ~

tion.at the site, either through 1iquid monitoring (if the ground-water
level is within 20 feet of the surface) or for vapor monitoring.

. Volumetric methods that measure volume or level changes of 1liquid
product that occur as a result of a leak generally have worse performance
- .as the size of the tank increases. Howéver, the tank size does not =

- affect the performance of existing nonvolumetric test methods to the same
- extent, since they are based on different physical principles. Con-
sequently, it is not necessary to restrict the application of these test

-results to tanks with a volume equal to, or some arbitrary fraction

. larger than, the test tank.- The evaluating organization should determine
the appropriate size 1imit based ‘on their testing, physical principles .~

involved, and other available data, and state the 1imit on the results

- form (Appendix B). For example, tanks larger than 50,000 gallons have a &

different construction and geometry than the standard horizontal cylin-

drical tanks used for tanks up to this size. It may be the tank geometry,

and construction that impose 1imits rather than the size. ‘

—

13



The test plan may require some test1ng with’ add1t|on of product at a 4
different temperature from that of the fuel already in the tank.  This .
requirement- is to verify that the method can accommodate the range of .
temperature conditions that routinely occur. The procedure requires that

some tests begin by the tank being filled from about half full to the -

test Tevel with fuel that is 5°F warmer than the product in the tank, and i
some tests using fuel 5°F cogler than the product in the tank.. This I
procedure requires that some method of heating and cooling the fuel be

provided, such as pumping the fuel through a heat exchanger, or by

placing heating and cooling coils in the supp]y tank or tank truck. before

the fuel is transferred to the test tank. In the case of a tracer or.

acoustical method, the evaluating organ1zation may eliminate the tempera-

ture and filling cond1t1ons if they are not relevant. The total number C 1
of tests to be performed remains the same, however. The temperature and = |

fi1ling conditions would obviously be inoperative if a gaseous tracer .
were to be used in an empty tank. (

If the protocol or the method nequireS‘that the tank be filled or
emptied a number of times, a second tank or a tank truck is needed to
hold reserve product. A pump and associated hoses or pipes to transfer 1
the product from the test tank to the reserve product tank or truck are - ;
also needed. : . -

For tracer methods, the character1st1cs of a tank are. 1ess ‘ |
-important. However, the test tank must be tight. The pr1mary purpose of
“the tank is to provide an environment which is representative of typica]
tank installations. -The tank is 1mportant for testing for false 7N
alarms. The procedure of adding and mixing tracer to the product is a
- potential source of false alarms from inadvertent re]ease of the tracer ‘
into the env1ronment. v _ ‘ o ‘

5.2 TEST EQUIPMENT

The equipment for each tank test method will be supp11ed by the
vendor or manufacturer. Consequéntly, it will vary by method. In
general, the test equipment will consist of some method for monitoring
the tank for the effect- used by the method to indicate a leak. For . -
tracer methods, the equipment will also include some method for intro-
ducing the tracer(s) into the tank or the backfill. The test equipment
also typically includes instrumentation for collecting and recording the
data and procedures for using the data to 1nterpret the result as a pass
or fail for the tank. , S

It is recommended that the test equ1pment for the method being
tested be operated by trained personnel who regularly use the equ1pment
in commercial tests. This should ensure that the vendor's equipment. 1s
correctly operated and will eliminate problems that newly trained or
untrained individuals might have with the equipment. On the other hand,
if the equipment is normally operated by the station owner, then the
evaluating organization should provide personne1 to operate the equ1pment 'z
after the customary training. . , | ‘




- 5.3 LEAK SIMULATION EQUIPMENT

. The protocoi ca1ls for 1nduc1ng 1eaks in the tank The method of
inducing the leaks must be compatible with the leak detection method
'being evaluated. The exper1menta1 design in Section 6 gives the nom1na1
leak rates that are to be used. These. leak rates refer to leak rates
that would occur under normal tank operat1ng conditions. =

_For volumetric methods, leak simulation can be accomp11shed by

. remov1ng product from the tank at a constant rate, measuring the amount -
of product removed and the time of collection, and calculating the
resulting induced leak rate. An- exp]os1on—proof motor. can be used.to -
drive a peristaltic pump head.  The sizes of the pump head and tubing are
chosen to provide the desired flow rates. A variable speed pump head can
be used so that different flow rates can be achieved with the same
equipment. The flow is directed through a rotameter so that the fliow can
be monitored and kept constant. One end of the tubing is ‘inserted into
the product in the tank. “The other end 1s placed in a conta1ner. :

Although this leak s1mu1at1on approach may work for some - :
nonvolumetric methods, most of these methods will require a-method of
simulating leaks that is adapted to their specific principlie of opera- .
tion. Examples of leak simulation methods for two nonvolumetric methods
follow. : ' ‘ . i s -

5.3. 1 Leak Simulation Approach for Acoustical Methods

Fwo methods commerc1a11y ava11ab1e at the present t1me are based on
acoustical signals generated when product flows through an orifice or
-when air is drawn through an orifice or hole in the tank that would: a]]ow
it to leak. In order to simulate a leak condition for such a method, an'
orifice must be introduced into the tank so that product or air can f]ow
through it during the test. A simulator of this type has been developed
and- is in the patent process. Its principle is described below. The
"size and location in the tank of the orifice must be-determined so that
it would represent a leak rate of 0.10 ga]lon per hour or less if it were
present under normal operating conditions in the tank.  One approach is -
to insert a pipe into the product in the tank through one of the open1ngs-.
in the top of the tank. The pipe has an orifice of the required size,
- allowing product to leak from the tank into the pipe, where it can be
removed and measured. Likewise, if a partial vacuum is app11ed -air
could be drawn .into the tank through the orifice in the pipe. The
—-orifice in the pipe can be calibrated by a1low1ng product to flow into
the pipe and measur1ng the f]ow rate._
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5.3.2 Leak S1mu1at1‘on Approach for Tracer Methods e ‘ | ﬁ ‘

Two types of leak simulation equipment are requ1red depend1ng upon

. the type of tracer technique in use. For methods which rely on detecting

the loss from the tank of product containing tracer, the simulation
equipment must be capable of delivering a 1liquid containing the tracer
into the backfill close to the tank. The rate of delivery is used to -
control the volume. of product introduced in the backfill. For methods
which rely on detecting the loss of gaseous tracer from the tank, the
simulation equipment must be capable of delivering the tracer gas into.
the backfill in known quantities so that the ability of the system to
detect the tracer in the backfill can be evaluated. In either case, the
amount of tracer introduced into the backfill should reflect the amount
that would be released if the tank were leaking at a rate of .0.10 gallion
per hour or less. To do this, the rate of delivery is used to control
the amount of material introduced into the backfill. To simulate a zero
leak rate, the tracer material is introduced into the test tank and mixed
with the product as appropriate. However, a blank spike (without a '
tracer) would be 1ntroduced into the backfi]] -

. Other nonvolumetric methods may use principles different from those
of the methods in these examples. The.evaluating organization will need
to develop .a method of Teak s1mu1at1on that is appropriate for a specific
test method. .

k

|
5.4 PRODUCT - o : . . )
The most common products in underground storage tanks are motor - T
fuels, particularly gasoline and diesel fuel. Analysis of tank test data a
based on tanks containing a variety of products has shown no evidence of :
- difference in test results by type of product, if the same size tank is
considered. The only exception to this observation is that one tank test.
method did produce better results when testing tanks with pure chemicals .
(e.g., benzene, toluene, xylene) than when testing gasoline.  This dif-
ference was attributed to better test conditions, 10nger stabilization .
times, and better cooperat1on from tank owners. :
R 4
Any commercial petro]eum product of grade number 2 or Tighter may be
used for testing, depending on the ava11ab111ty and restrictions of the
test tanks. The choice of the product used is left to the evaluating .
organization, but it must be compat1b1e with the test equipment.

5.5 TRACERS AND CARRIERS

When test1ng tracer methods, additional cons1derat1ons apply. While
use of petroleum products spiked with tracer would be ideal, the intro-
duction of regulated products into the ground is proh1b1ted in almost all
situations. Therefore, for test purposes, the carrier used for liquid
tracers should be of some nonregulated liquid such as mineral oil or :
vegetable oil. The concentration of tracer can be elevated in the . o
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carrier to reduce the actua] vo1ume of mater1a1 to be 1ntroduced into the
ground. e : ‘
D1rect 1nject1on of the tracer gas - d11uted 1n air-can be used to
eva]uate methods which rely on the loss of tracer gases from the tank.
The concentrations of tracers 1njected during the simulation process
should approximate those contained in the tank dur1ng an’ actua1 test.

] ‘5 6 HATER SENSOR EQUIPMENT

- The equ1pment to test the water sensor cons1sts of a vert1ca] cy11n—
- der with an accurately known (to 0. 001 inch) inside diameter. This
cylinder should be large enough to accommodate the water sensor. Thus,
it should be approx1mate1y 4 inches in diameter and 8 or more inches.
~high. The probe is mounted so that the water sensor is in the same rela--
* tion to the bottom of the cylinder as it would be to the bottom of a ’
tank. In addition, a means of repeatedly add1ng a small measured amount
. of water to the cy11nder is needed. Th1s can be accomp11shed by us1ng a.
. p1pette. :

5 7 MISCELLANEOUS EQUIPMENT

As noted the test procedure may requ1re the part1a1 empty1ng and
‘fi]]ing of the test tank. One or more fuel pumps of fairly large .
capacity will be required to accomplish the filling in a reasonably short
time. Hoses or pipes will also be needed for fuel transfer. Some test
. methods require some reserve product for calibration or establishing a
specified product level.. In addition, containers will be necessary to
hold this product as well as that collected from the induced leaks. A
variety of tools need. to be on hand for making the necessary connect1ons
of equ1pment. .
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. ' 'SECTION 6
TESTING PROCEDURE

The overall pérformahcé of the method is estimated‘by-compafing'fhe
method's results, leaking or tight tank, to whether a Teak-was actually
induced. Performance is measured over a.variety of realistic conditions,

including temperature changes and filling effects, if applicable. The
evaluating organization is responsible for adding any other variables

~ that may affect a specific nonvolumetric method. The range of conditions
~need not represent the most extreme cases that might be encountered,
. because extreme conditions can cause any method to give misleading .

results. If the method performs well under various test conditions, then
it may be expected to perform well in the field. TR

The test procedures have Been designed so that additional statfsti—
cal analyses can be done to determine whether the method's performance is

affected by the size of the leak or other factors. These additional

analyses can only be done if the method makes a substantial number of
mistakes so that.the proportion of errors is between zero and one for
some subsets of the data. Thus, they are only relevant if the method
does not meet the performance standard. . . - e ‘

For 111ustrét§ve purposes, the basic test prOCedufe iﬁtfoduces three

- main factors that may influence -the test: size of leak, temperature
-effects, and tank deformation. - The primary consideration-is the size of

the leak. The method is evaluated on its ability to detect leaks of .
specified sizes. If a method cannot detect a leak rate of 0.10 gallon’
per hour or if the method identifies too many leaks when no leak is

| »inducgd, then its performance is'not adequate.

. _.A second consideration mightvbe the tempéfature of the-producttadded'
to fi11 a tank to the level needed for testing.. Three conditions could
be used: added product at the same temperature as the in-tank product,

'added product that is warmer than that already in the tank, and added

product that is cooler. The temperature difference should be at least
5°F and should be measured and reported to the nearest degree F. For

- some methods, the temperature difference is needed to ensure that.the
. method can adequately test under realistic conditions. The performance

under the three temperature conditions can be compared to determine.
whether these temperature conditions have an effect on the method's . -

. 'performance. Note that some nonVo]umetric,methods require an.empty tank-
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or do not require a 'specific product level. If the principie of the
nonvolumetric method is not affected by product temperature as determined
by the evaluating organization, the test need not include this set of

conditions, although the total number of tests must not be decreased.

Another consideration might be the tank deformation caused by pres-
sure changes that are associated with product level changes. This
consideration is addressed by requiring several empty-fill cycles. One
test is conducted at the minimum time after filling specified.by the test
method. A second test follows without any change in conditions (except,
possibly, leak rate). Comparison of the order of the test pairs can
determine whether the additional time improves the method's perfor--
mance. Again, if, as determined by the evaluating organization, the .
operating procedure of the method is not affected by pressure changes, -
this aspect of testing need not be included. ; '

Nonvolumetric test methods operate on a wide variety of princi-
ples. Consequently, each method may -have a different set of sources of
interference related to its operating principle. . The evaluating organi-
zation should consider possible sources of interference for the method .
being evaluated. The 1ist of these sources considered and the conclu- '
sions reached should be reported. The considerations do not need to
include the most extreme possible conditions, but should include condi--
tions expected to be encountered in a large majority (e.g., 75%) of the
normal tests cases. o ‘ :

"In addition to varying these factors;‘énvironméntd1 data.are
recorded to document the test conditions. These data may help to explain p
one or more anomalous test results. - = o : o

The ground-water level is a potentially important variable in.tank
testing, and the system's means of dealing with it is to be documented.
A system that does not determine the ground-water level and take it into
account is not adequate. Ground-water levels are above the bottom of the
tank at approximately 25% of underground storage tank sites nationwide,
with higher proportions in coastal regions.’ .o , v ,

If‘the method useé'water incursion to account;for high ground-water

levels, this protocol evaluates two aspects of the system's water sensing
function: the minimum detectable water level and the minimum detectable

change in water level. Together, these can be used with the dimensions
of the tank to determine the ability of the system's water sensing device
to detect inflows of water at various rates. v C
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- 'be recorded if applicable:

/6.1 .ENVIRONMENTAL DATA RECORDS

In general, the evaluation protocol requires that the cohdifiohsi

during the evaluation be recorded. 1In addition to all-the testing condi-

- tions, the following-measurements should be reported (see the Individual

Test Log forms in Appendix B):

* ambient temperature, monitored hourly throughout each test
* barometric pressure, monitored hourly throughout each test
- weather conditions such as wind speed; sunny, cloudy, or

partially cloudy sky; rain; snow; etc. - - S
ground-water level if above bottom of. tank ‘ ‘
any special conditions that might influence the results

When testing tracer methods, the tank ehvironment should also be

documented as completely as possible. A detailed site diagram should be
prepared which identifigs the positions of the tanks, piping, and other .

- features which are present at the site. The type of backfill and soil at

the site should be verified, at the minimum, to be porous enough to allow

- migration of vapors from the leak to the sensors. The evaluation should
‘not be run under backfiil conditions outside the range suggested by theK

vendbr;

'Both‘normal,and "unacceptable" test cohditionsﬁfor each,méthod
should be described in the operating manual for the method -and should - -
provide a reference against which the existing test conditions can be

. Compared. The evaluation should not be done.under conditions outside the
vendor's. recommended -operating conditions. o : C

‘Pertaining.to-the tank and the product, the following items should

* type of product in tank

* type of tracer(s) (1iquid or gas)
e tank volume s S
e tank dimensions and type’ o -
_* amount of water ‘in tank (before and after each ‘test) o
.* if applicable, temperature of product in tank before filling ‘
e. if applicable, temperature of product added each time the tank - .
is filled ' , o : , o - -
~* if applicable, temperature of product in tank immediately after ]
' filling ' ? I ‘ s

e if app]icab]e,;tempgréturgiof_broduétlin‘tank at Startrbf test

6.2 INDUCED LEAK RATES AND TEMPERATURE DIFFERENTIALS

.Following a trial ruh in thé'tighi'tank, _ minﬁhum of 42 tésts ﬁust

- -be performed according to an experimental design illustrated in Fe

Table 1. (As discussed in Section 7, a larger number of tests could be
used.) For illustrative purposes; this table presumes that temperature

f',,and tank deflection effects could interfere with the method.
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Table 1. LEAK RATE AND TEMPERATURE DIFFERENTIAL
TEST SCHEDULE (Example)

Nominal

Nominal Temperature -
: Leak Rate Differential *1
" Test No. Set No. (gal/h) - (degree,F).
Empty/Fill cycle *2 . '
1 1~ LR2 T3
. 2 1 LR1 : T3
Empty/Fill cycle ' )
3 2 - LR1 _ T2
4 .2 LR1 T2
Empty/Fill cycle I N
5 EE LR1 T
6 3 - LR3 ( T
Empty/Fill cycle . § 3
S 7 4 LR3 T3
'8 4 LR1- T8 .
Empty/Fill cycle ‘ ' :
9 5 LR4 . T
10 . 5 LR1 T
Empty/Fill cycle - o
11 - "6 LR2 T2
12 6 ° LR3 T2
Empty/Fill cycle : L
13 7 LR4 » ™
14 7 - LR1 ~ T
. |Empty/Fill cycle 3 i g '
. 15 8 " 'LR3 . T3 -
, 16 8 LR1 ' T3
Empty/Fill cycle :
17 ' 9 LR4 . T3
- 18 9 LR1 T3
- |Empty/Fill cycle ‘ ‘
.o 19 - 10 LR1 T
20 10 . LR3 ] T2 '
Empty/Fill cycle ' o ‘
21 11 - LR3 . B
22 - 11 LR1’ ) T1A

Note 1: The temperature differential is calculated as the temperature of
the product added mlnus the temperature of the product in the tank. :

Note 2. Empty/Fill cycles and temperature dlfferentlals may not be requrred.'
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' _ ‘ R .~ Table1. L EAK RATE AND TEMPERATURE DIFFERENTIAL
‘ S : : TEST SCHEDULE (Example) (Contmued)

_ ‘ . S " Nominal
o R ' | “ .| Nominal Temperature
' T ' _ Leak Rate -| Differential *1
TestNo. | SetNo.| - (gallh) (degree F)
EmptylFr]I cycle *2 L . - L :
23 12 LRt 13 | BRI
: S - . 24 ' 12 LR2 . T3 3 ’
T - {Empty/Fill cycle - R C
N ' : 25 13 LR2 - | ‘T2
A 26 13 LR4 T2
Empty/Fili cycle R ) . '
27 14 | LR3 T3
» ‘ 28 - 14 LR1 - T8
- IEmpty/Fill cycle e : o o 5
R .29 15 LRt T1 .
30 15  LR2 , T1
i Empty/Fill cycle L -
‘ - 31 16  LR1 T2
. : 32 - 16 - LR1 o T2
- o . |Empty/Fill cycle - N A .
g ‘ . 33 17 LR ‘T3
o - 34 17 R4 . ‘78
Empty/Fill cycle IR S
"3 18 LR1 . - T2
1. 36 18- - LR4 T2
Empty/Fill cycle v e " , ‘
.. 87 19 - LR2 CTH.
r .« 38 - 19 - LR1 - ST
Empty/Fill-cycle ’ . o
T - ‘ 39 20 LWR1 0 T2
40 ' 20. LR2 . T2
Empty/Fill cycle ' S L
S 41 21 LR1 T
_ 42 21 . LR4 - T1-

, " Note 1: The temperatljre differentiai is ealculated as the temperature of
‘ ~ ~the product added minus the tempe: ature of the product in the tank. -

" Note 2: EmptyIFllI cycles and temperature differentials may not be: requ:red.
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In Table'l, LR denote the nom1na1 1eak rates and T denote the ' Y
temperature d1}ferent1a1 conditions to be used in the testing. These
42 tests evaluate the method under a variety of conditions. :

The 42 tests are arranged in 21 sets of two tests each Table 1.
shows a possible ordering of the 21 sets. In practice, the evaluating
organization should randomly rearrange the order of the sets so that the
Teak rates are blind to the vendor. _

Leak Rates |

Of the 42 tests, half will be performed under t1ght tank condit1ons, _
that is, at a leak rate of 0.0 galion per hour. The remaining 21 tests !
‘will be performed under induced Tleak conditions with leak rates not I
exceeding 0.10 gallon per hour. Typically, all of these.induced leak
rates would be the same. Alternatively, different non-zero 1eak rates
could be used and the resu1ts analyzed with a logistic model, '
described in-Section 7.4.2. The test schedule in Table 1 .is an example
of 21 tests at a 0.0 gallon per hour leak rate (LR,) and 3 groups of
7 tests at non-zero leak rates of LR,, LR3, and LR,, wh1ch may a11 be’
equal.

The most direct evaluation of a nonvolumetric method uses only the
zero and 0.10 gallon per hour leak rates. This, assuming that the test
results had at most one error at each leak rate, would provide the needed
performance evaluation. However, a vendor may want to claim that his \.‘
method exceeds the EPA performance standards and establish that the prob- 4
. ability of detecting a smaller leak (e.g., 0.01 rather than 0.10 gallon
per hour) is at.least 95%. In that case, two approaches are possible.-
One is to use the smaller leak rate as the induced leak rate. . Again,
this is straightforward. However, if the nominal leak rate selected is-
close to or less than the leak rate that the method can actually detect
with 95% reliability, the test1ng may result in too many detection errors
at that reduced leak rate. In order to demonstrate that the method meets
the performance standards, the 21 induced 1eak rate tests would have to.
be run again using a nominal leak rate larger than the example of
0.01 galion per hour (e.g., 0.05 gallon per hour), with additional costs
for the evaluation.

Another approach is to induce three non-zero 1eak‘rat—es and estimate
the probability of detection as a function of the leak rate. In this
case, the method would demonstrate that it meets the EPA performance
- standards, prov1ded that the probability of .detection at.a zero leak rate
(a false alarm) is less than 5%, and the detectable leak rate that could .
be claimed by the method is the leak rate at which the function first
exceeds 95%. If this option is chosen, a single test series of 42 tests
could demonstrate that the method meets the EPA performance standards at
the smaller leak rate determined by the evaluation. In order for this o
approach to work, the probability of detecting a leak must. increase - BRI
steadily with the Teak rate. In addition, the non-zero leak rates must
be selected so that the observed results (proportions of tests where a
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Jeak .is detected) aTso increase with the induced leak rate. Thére must

" be very few detections (zero or-one) at zero, some missed detections at
‘the smaller leak rates, and very few at_the larger leak rates.

Temperature Differentials (if applicable) - o O

- If temperature differential is important for the tést,metﬁod; three -
nominal temperature differentials between the temperature of the product
to be added and the temperature of the product in the tank during each

~ Fi11 cycle should be used. These three temperature differentials are ;
- -5°, 0°, and +5°F (-2.8°, 0°, and +2.8°C). . The temperature differential

of 5°F is a minimum. Larger differences may be used. ' If temperature ‘
differences are used, the actual differences are to be calculated and"
repprted. L . o ) ~

<Randomiza§ion v

A total of 42 tests consisting of combinations of the four leak.
rates (LR; = 0.0 gallon per hour, LR,, LR;, and LR,) and the three
temperature differentials (T;, Ty, and T3) will be performed. LRy, LR3,
and LR, may all be the same, depending on the analysis method to be
used. The 42 tests have been arranged in pairs (sets), each pair
consisting of two tests performed at the same temperature differential.

- However, the leak rates within a pair have been randomly assigned to the
first or second position in the testing order. The test schedule is
. outlined in Table 1. oL - ' -

A randomization of the test schedule is required to ensure that the

testing is done blind to the vendor. The randomization of the tests is =
-achieved by the evaluating organization by randomly assigning three .
- nominal leak rates below 0.10 gallon per hour to LR,, LRy, and LR, and by

- randomly assigning the nominal temperature differentials of 0°, -5°, and

+5°F to T,, T,, and T, following the sequence of 42 tests as shown in
Table 1. In addition, the evaluating organization should randomly assign
the set numbers (1 through 21) to the 21 pairs of tests. The results of
the randomized sequence should be kept blind to the vendor. That is, the
vendor should not know which induced leak rate is used or which tempera-

| ture condition is present in advance. The vendor should test for the

induced leak rate based on his instrumentation and standard operating = -
procedure without knowledge of the induced conditions. , Randomization
should be-done‘separately,forAeach method evaluated. .

v In summdry,}eacﬁ’test set consists of two tests perforﬁed using two
induced leak rates and one induced temperature differential (temperature

~of product to be added - temperature of product in the tank). Each_set

indicates the sequence in which the induced rates are used to remove the

~ product volumes (in gallons per hour) from the tank at a given product

temperature differential. In some cases, e.g., when a partial vacuum is -
applied to the tank, the simulated leak will not actually remove product
from the tank. - In this case, the indicated rates are those at which

T )
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product would escape or- be removed from the tank if thé‘induced condition
were present under normal tank operating conditions. . ‘

' Notationai Conventions

The nominal leak rates to be induced are denoted by LR, = 0.0 gallon
per hour, LR,, LR3, and LR,. It is clear that the nominal Teak rates
selected by the evaluating organization cannot be achieved exactly in the
field. . Rather, these numbers are targets that should be established by a -
calibration process. The maximum must be no more than 10% greater than
the nominal 0.10 gallon per hour. . . o

X The leak rates actually induced for each of the 42 tests will be

calibrated for each test series. . They will be denoted by S;, Szseces )
Sy2. - The results of each test will be denoted by L,,...,Ly42, with each
Ly being either "tight" or "leaking." The L may be coded numerically,
e.g., Ly = “0" for tight and "1" for leaking, for convenience.

The subscripts'1,3.,,42‘correspond’to the order in which the tests
were performed (see Table 1). That is, for example, S5 and Ls correspon
to the test results from the fifth test in the test sequence. :

6.3 TESTING SCHEDULE

The first test to be done is a trial run. This test should be done

with a tight tank in a stable condition and this should be known to the ’
vendor. The results of the trial run will be reported along with the
other data, but are not explicitly used in the calculations estimating
the method's. performance. ' ‘ ‘ . '

There are two purposes to this trial run. One is to allow the
vendor to check out the tank testing equipment before starting the eval-
uation. As part of this check, any faulty equipment should be identified
and repaired. A second part is to ensure that there are no problems with
the tank or the test equipment. Such practical field problems as loose
risers, leaky valves, leaks in plumber's plugs, etc., should be identi-
fied and corrected with this trial run. The results also provide addi-
tional verification that the tank is tight and so provide a baseline for
the induced leak rates to be run in the later part of the evaluation.

. The testing will be performed using a randomized arrangement -of.
nominal leak rates and temperature differentials as illustrated in
Table 1 above, unless the. evaluating organization determines that the
fi11ing and/or temperature changes are irrelevant for the particular
nonvolumetric method. The time lapse between'the two tests in each set
should be kept as short as practical. It should not exceed 30 min, and
preferably should be held to 15 min or less. Twenty-one sets of two




tests each wi11 be ¢arried out. After each set of two tests, the test
procedure starts anew with emptying the tank to half full, refilling, ;
stabilizing, etc., as necessary. The details of the test1ng schedule are -
: presented next, 1n accordance with the example order1ng shown in Tab1e 1

‘ Step 1: 'Randomly assign nom1na1 1eak rates not to exceed 0 10 ga]lon ,
per hour to LR,, LR;, and LR,. Note that LR, is identified
with the zero leak or tight tank condition as 21 trials are run
in this condition. Also, randomly assign the temperature
differentials of 0°, -5°, and +5°F to. T,, T,,.and T3. This

. will be done by the organization performing the evaluation and

 needs to be kept blind to the crew performing the test1ng.

Step 2: Fol1ow the vendor's 1nstruct1ons to install the leak simulation

. ' equipment in the tank if this has not already been done, making.
sure that the leak simulation equ1pment will not 1nterfere with,
the test equipment. ' ‘ .

Step 3: Trial run. Fo11ow1ng the test method's standard operat1ng .
- . procedure, fill the tank to the recommended level, and allow _. .

for the stabilization period called for by the method or
longer.. Any product added should be at the same temperature as

. that of- the in-tank product. Conduct a test on the tight tank

. to check out the system (tank, plumbing, etc.) and/or the
method. Perform any necessary repairs or modifications
1dent1fied by the trial run. . » .

Step 4:  Empty the tank to half full. Fi11 with product at the recom-
- mended temperature.: The temperature differential will be T;
(Table 1, Test No. 1). Record the date and time at the comple-
- tion of the fi1l. Allow for the recommended stabilization
period, but not 1onger.. Induce the appropriate 1eak condition.

. Step 5: Cont1nue w1th the method's standard operat1ng procedure and .
"conduct a test on the tank, using the method's recommended test
duration. Record the date and time of starting the test. This

. test will be performed under the first nominal leak rate of the
first set in Table 1. This nominal leak rate to be .induced is
IR,. . ‘ ' :

Nhen the first test is complete, determine and record the calibrated
induced leak rate, S,, and the method's reported leak condition, L,. If.
" possible, also record the data used to determine the leak condition and
the method of calculation. Save all-data sheets, computer printouts, and
- calculations. Record the dates and times at which the test began and :
ended. Also record the 1ength of the stabilization period. The Individ-
ual Test Log form in Appendix B-is provided for the purpose of report1ng :

.‘these data and the environmenta] cond1t1ons for -each test.

Record the temperature of the product in the test tank and that of
the product added to fi1l the test tank (if done; if not, document why
not on the: 1og) After the product has been .added to f111 the test tank
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record the average temperature in the test tank. Measuring the tempera-
ture of the product in the tank is not a trivial task. One suggested way
to measure the temperature of the product in the tank is to use a probe
with five temperature sensors spaced to -cover the diameter of the tank.
The probe is inserted in the tank (or installed permanently), and the
temperature readings of those sensors in the 1iquid are used to obtain an
average temperature of the product. The temperature. sensors can be.
spaced to represent equal volumes or the temperatures can be weighted
with the volume each represents to obtain an average temperature for the
tank. ' ,

Step 6: Change the nominal leak rate to the second in the f1rst set,

that is LR; (see Table 1). Repeat Step 5. Note that there

will be an additional period (the time taken by the first test
and the set-up time for the second test) during which the tank
may have stabilized. When the second test of the first set is
complete,. again record all results (times and dates, induced r
,1eak rate and test resu]t, temperatures, - ca]cu]at1ons, etc.).

Step 7: -Repeat Step 4. The temperature differentia] will be changed to
 Tpe , .

Step 8: Change the nominal ieak rate to the first in the Secohd,set. |
In this example, the rate is unchanged at LR,. Repeat
Step 5. Record all results.

' Step 9: Change the nominal leak rate to the second in the second set if .
: it is different. In this example the second leak rate is
LR,. Repeat Step 6. Record all results.

Step 10: Repeat Step 4. The temperature differential will be changed to ..
: . the following one in Tab]e 1. In this case, it will be changed
© to T,;. o o

~Step 11: Repeat Steps 5 through 9, using each of- the two nom1na1 leak
rates of the third set, in the order given in Tab]e 1.

Steps 4 through 9, which correspond to two empty/fill cyc]es and two
sets of two tests, will be repeated until all 42. tests are performed.

- Normal and "unacceptable" test conditions for each method should be
described in the owner operating manual for each method and should pro-
vide a reference against which the existing test conditions are com-
pared. The evaluation should not be done under cond1t1ons outside the
vendor's recommended operat1ng conditions. .
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6.3.1 App1icatjom.of.thg Protocol to Acoustical;Méthodé}

" One class of‘commerciHTHy avaiTQB]e non;blumetric test methods is
based on acoustical principles. - This section describes the application
of the protocol to this type of method. A basic description-of the '

‘method is needed‘to understand the app1ication'of the protocol. . -

Acoustical methods use sensitive hydrophones to detect an acoustical
signal from the tank. This signal is recorded and is analyzed to iden-
tify a specific characteristic associated with a leak. One such method -
places the tank under a partial vacuum and investigates the acoustical
signal for a characteristic "bubble" signature induced when air bubbles
are drawn from outside the tank (in an unobstructed backfill zone) into a

- Tliquid through a hole in the tank. 'leaks in the ullage are identified by v'

a particular frequency or "whistie" of air ingressing into the ullage

- space. Another approach analyzes the acoustical signal for a character-
- istic sound of fluid flowing out of an orifice in the tank. .

While these methods have been called "acousticai," théy’tybically. ,
have additional modes of detecting leaks that are used in conditions of a
high ground-water .level. Generally they rely on identification of water

- fingress to detect leaks in the presence of a high ground-water level.
‘The evaluation must test all modes of leak detection used by the method -

to "detect leaks from any portion of the tank that normally contains
product." Section 6.5 contains a protocol to evaluate a water sensor

used to detect inflow of water during a test period. : .

Acoustical methods can be used with a fairly wide range of product
levels—in the tank. The deformation caused by fi1ling the tank would not
affect these methods, nor would the temperature-of the product in the -
tank. Consequently, the sequence of temperature and filling conditions -
does not need to be considered with these tests. The tank should be

filled to a level in the range specified by the method. -

To induce a Teak for ihe acoustical methods, it is neceSsary to use
a device that will create the same signal that a real leak would cre-

" ate. One way to do this is to use an orifice-type leak simulator. This
. consists of a pipe inserted -into the tank through one of the tank .open-

ings. The pipe is-sealed to the tank.. The bottom of the pipe is fitted

. with a cap that contains a calibrated orifice to allow product to leak

into the pipe at the desired leak rate under a standard head. This o
simulator will work for either type of acoustical signal. Flow of liquid

* - through the orifice would produce the 'signal typical of liquid ‘flow. If

- the tank;is under partial vacuum, air will be drawn into the tank through
_the orifice below the liquid level and will produce bubbles. ‘A means of
‘closing the orifice is needed so that a zero leak rate can be induced and

kept blind to the vendor. ' 1 f . , —

, Since neither femperature differential nor tank deformation should
affect the acoustical methods, the approach discussed'engier in this
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subsection is simp11f1ed as follows. The steps refer to Tab1e ‘1, with
the understanding that there are no differences among Tl, Tas Ta, and the
partial emptying and ref1111ng is not necessary.,

Step 1:

Step 2:

Decide whether one or three non-zero leak rates will be used.
(The use of three may allow one to fit a model relating prob-
ability of detection to leak rate, but if this is not important
to the vendor, it is sufficient to use a single non-zero leak
rate (less than or equal to 0.10 ga]]on per hour), which may be
the preferred approach.)

Decide what leak rates will be used. If only a single non-zero
leak rate is used, ‘it can be selected between zero and 0.10 gal-
lon per hour. If the vendor wants to establish a smaller

detectable leak rate, a value of less than 0.10 gallon per hour

may be used. (The risk of doing this is that if the system does ‘

not pass, more.testing w1th larger leak rates below 0.10 galion

E per hour may be needed.)

' Step 3:

Step 4:

Step 5:
Step 6:

Step 7:

If only two leak rates (0 and one other) are used, randomly
assign one of them to LR, and the other to all cases where LR,,
LR3, or LR, are listed. If four leak rates are to be used,
assign LR, to zero and random]y assign’ the other three to LR2,
LR3, and LR,. : .

Randomly rearrange the order of the 21 pairs of tests listed in.

Table 1. (This allows for additional randomization and provides’

better contro1 on keep1ng the induced 1eak rates blind to the
vendor )

Have the vendor install the test equipment in the tank.

Trial run. Following the test method's standard operating
procedure, fi11 the tank to the recommended- level. Have the
vendor conduct a test with a known zero leak rate and verify -
that the equipment has been installed and is funct1on1ng cor- .
rectly. This also provides confirmation that the tank: 1s still
t1ght and is compatible with the test. method.

,Induce the leak rate called for in the randomizat1on deve1oped

above. Have the vendor test the tank with this induced leak
rate and report the results. Record the calibrated induced leak
rate and the vendor's results (tight or leaking). Record the
environmental -conditions .data and other ancillary data on the
test 1ogs (see Appendix B)

30




. will be to false alarms.

Step‘BE When the first test is completed, change the leak rate to estab-

‘1ish the second leak rate called for in the randomized series
(Table 1). When this induced rate has been established, have
the vendor test the tank. Record the environmental conditions .
data. - When the vendor has completed the test, record his

reported result -and the induced leak rate.

Step 9: _kepeéf step.8 uhtjl'a11 42 tests haye'bégn‘completed;'

As will be described-in Section 7, the system can produce no more
than one false alarm and still pass. . Thus, if a second. false alarm - -
occurs. in the test series, the system will not pass, and testing could be
terminated. Similarly, if only one non-zero leak rate is used, and if a
second mistake is made with that non-zero leak rate,.the system will not

pass. At the point where the evaluating organization determines that the

~system will not pass, it might be desirable to conclude testing. The

series could be completed to provide added information to the vendor. If
a.leak rate of less than 0.10 gallon per hour was used, starting the test

- series again with a leak rate closer to 0.10 galion per hour might be

done since the method might pass at that rate but not at the smaller leak
rate. ‘If no.errors have occurred when 20 tight tank or 20 induced leak ..
tests have been done, the system will pass. ~Since only one more test is
needed, it probably would not effect much savings to stop at this point.

6.3.2 Application of the Protocol to Tracer Methods

- There are many:variablesrprésent in eXEérﬁéTWmoniforing that are
difficult to predict or control. These include the nature of the back-

-f111 material, moisture content of the soil, size of the excavation, type -
. of soil surrounding the excavation, the ground-water level, position of a
. leak relative to the sampling locations, and whether the method is aspi-,
_rated or passive. In general, some minimum threshold concentration of

tracer must be reached before a signal is generated. The lower the
threshold, the more sensitive the method, but the more susceptible it

For test methods that involve the}]oss‘oflproduct-f§om,the tank, the =

“induced leak rates should be designed to introduce the amount of tracer

material. into the soil that would be released by leak rates of the speci-

. fied size over the test period. Methods that add 1iquid tracer ‘to the . .

product specify a concentration of the tracer in the product. Using this - -
concentration (e.g., 10 ppm), a leak rate (e.g., 0.10 gallon per hour)

-and a test and waiting time after introducing the tracer into the tank

(e.g., 24.hours), one can calculate the amount of tracer that would be
released. This is the amount that should be released during the leak
simulation. A suggested way to accomplish this is to make up samptes of

.a carrier that can be introduced into the environment, say vegetable o0il,’

with tracer added in the appropriate concentrations. These ‘samples can

.be used to spike the ground at small rates, giving the same amount of

B

tracer that would bg released by the spgcified‘]eak rates.
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If the method uses gas tracers, they can be introduced into the
ground-to simulate leaks by using a flowmeter to allow the gas to flow at
the rate that would occur under the testing conditions, e.g., in a tank
at 2 PSI and through a small orifice, representing a hole that would Teak
11qu;d product at the designated leak rates (less than 0.10 gallon per
hour). : : :

Note that once a tracer, gas or liquid, has been introduced into the
soil in a test, the tracer must be eliminated before the next test. '
Forced air may be used to disperse the tracer to levels that will not be
detected and interfere with the method; the next test may be conducted
with a different tracer; or a different site may be used. - .

~ The following steps assume that multiple tracers are available, one
of which is used in the tank to investigate the false alarm possibili-
ties, and others that are used in leak simulations. ‘

Neither the temperature conditioning nor tank stabilization is an-

_ issue with tracer methods. . Consequently, it is not necessary to change
fuel temperatures and fill and empty the tank frequently as part of the.
evaluation. At least 21 tests of the tank in the no-leak condition ar
required, as are at least 21 tests- using the induced leaks. - S

. Step 1: .Decide whether & single non-zero leak or three non-zero leak
rates will be used and select these leak rates. :

"Step 2: ' Identify the zero leak rate with LR, in Table 1. Randomly
assign the other leak rate(s) to LR,, LR3, and LR,. o

Step 3: Randomly rearranbe the order of the 21 pairs-of tests in
Table 1 that result from the assignment of the leak rates:

Step 4: Determine the rate of introducing tracer (if a gas) or liquid -

_ carrier and tracer (if a 1iquid) into the backfill to simulate
‘the selected leak rates. If a tiquid-tracer is used, prepare
samples with the carrier and tracer in the needed concentra-
tions, label these with the randomized test sequence, and

* provide them to the test crew. The crew should not know.
“whether or in what concentration the tracer is in the leak

. simulation samples. - -

Step 5: Prepare the tank. If a 1liquid tracer is used, have the vendor
introduce it at the desired concentration into the test tank
and fi11 the tank to the desired level following normal oper-
ating procedures for the method. If a gas tracer is used,
empty the tank and have the vendor introduce the gas to the

tank. The tank.thus prepared will serve to provide the data on

the zero Teak rates. L .
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Step.6: Have the Vendor locate the samp11ng ports. A]so 1ocate a spik-""
ST ing port for leak simulation as far from the sampling ports and
~as close to the tank as possible. Be careful not to damage the

tank 1n insta111ng the’ ports in the backfi11. '

Step 7¢ Conduct the tr1a1 run. For tracer methods, the tr1a1 run w111
o be of a different nature than for other methods. The trial run.
. for a tracer usually consists of verifying that the site condi-
tions allow the use of a tracer method. A compound is intro-
duced at the spiking-port. The test locations are sampied to
AR -determine whether. the compound. is detected at the sampling -
" — . locations. The trial run accomplishes two purposes. First, it
" .+ verifies that the soil or backfill conditions are-such that the
tracer can migrate from the tank to the sensors. Second, it
.determines the time. ‘needed for the m1grat1on and SO estab11shes~
a. test time. R : : _

Stepf8: Have the vendor conduct a test of. the ‘tank (zero 1eak rate)

Step 9: ' Begin test1ng using the f1rst non-zero 1eak rate. Have the .

i vendor conduct a test. Note: If two different tracers are
used, it may be possible for the vendor to conduct the test on. ‘
the tank (zero leak rate) and the 1nduced leak test at the same-
“time. . . . ; o

Step 10: When the test in step 8 and/or 9 is comp]eted record the .

: - induced leak rate, the vendor's determination (tight or leak-
ing), and the environmental conditions data on the test log ‘
(see Appendix B). A

Step 11: Ensure that the test site can be used for a ‘second 1eak test

E (by removing the current tracer or using a different one).
Start the next induced leak rate as in steps 8 and 9 and have
the vendor conduct another test. Record all results.

" Step 12' Repeat step 11 unti] the test ser1es is comp1eted.

. It should be possible for the vendor to conduct tests on the tank
- containing the tracer repeatedly for the zero leak rate tests. In con-
-ducting the repeated tests on the tight tank to estimate the false alarm
-rate, the steps of adding tracer to the product and mixing the tracer in
. the product should be repeated. 'The process of adding and mixing tracer
-is a likely cause of -false alarms as it could lead to inadvertent release
of tracer into the environment that could be mistaken for a leak. It '
should be possible to simulate the addition and m1x1ng of the tracer;by
using tracer-containing product and handling it in the ‘same manner as the .
‘ tracer solution. , -

- Assuming . that at least two tracers are availab]e, the tight tank =
‘tests and the simulated leak tests can be run simultaneously. For each
test, the carrier sample is introduced in the spiking port. The con-
tainers. of carrier are made up'1n advance and coded. Half of them .
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contain tracer and half do not. Each test would consist of introducing
one tracer (say type A) into the tank and another sample (either a blank
or containing tracer type B) into the spiking port. The testing company
samples the soil gas and reports on the.presence of any detected

tracer. A finding of- tracer A would be a false alarm. A finding of
tracer B (when it was spiked) would be a correct detection. If .
additional distinct tracer compounds are used, this process ‘could
continue spiking tracer C, etc. A finding of both tracer B (from a
previous spike) and tracer € from the current spike would be a correct
detection. . - . ‘

-As will be described in Section 7, the system can record only one
fdlse alarm and still pass. -Thus, if a second false alarm occurs in the
test series, the system will not pass, and the evaluating organization
may recommend to the vendor that testing might be terminated. S1m11ar1y,
if only one non-zero leak rate is used, and if a second mistake is made
with that non-zero 1leak -rate, the system will not pass. At the point
where the evaluating organization determines that the system will not
pass, it-might be desirable to conclude testing. If a leak rate of less
than 0.10 gallon per hour was used, starting the test series again with a
leak rate closer to 0.10 gallon per hour might be done since the method
might pass at that rate but not at the smaller leak rate. :

6.4 TESTING PROBLEMS ANO SOLUTIONS .
Inevitably, some test runs will be 1nconc1usive due to broken equip-

events that have interrupted the testing procedure. It is assumed that,
in practice, the. field personnel would be able to judge whether a test

result is valid. Should a run be judged 1nva11d dur1ng testing, then the

. fo]1owing rules shou]d apply.

Rule No. 1 The total number of tests must be at 1east 42 That is, if;
a test is invalid, it needs to be rerun. Report the test
results as 1nva11d together with the reason- and repeat the
test.

Rule No; 2 If equipment fails during the f1rst run (f1rst test of a set

of two) and if the time needed for fixing the problem(s) is

less than 4 hours, then repeat that run. Otherwise, repeat

the empty/fill cycle, the stab11ization per1od etc. Record:

. 11 time per1ods.

Note: The average stab111zation time or average time after,

introducing the tracer will be reported on the Results of
U.S. EPA Standard Evaluation form in Appendix B. If the
delay would increase this time not1ceab1y, then the test
sequence should be redone.f o

Rule No. 3 If equipment fails during the sécond run (after the first
. run in a set has been comp1eted d successfully), and 1f the
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time needed for f1x1ng the prob]em(s) is 1ess than -4 hours,

then repeat the: second tun. Otherwise, repeat the whole

sequence of empty/fill cyc]e, stab111zat1on, and test at the
- given cond1t1ons. : , :

Rule numbers 2 and 3 are on1y app11cab1e if the testing schedu1e o

.requires temperature cond1t1on1ng and tank deformation effects. Other-

wise, the time between tests is not an important 11m1tat1on.

Note that an acceptab1e a1ternat1ve to conduct1ng the tests in. pa1rse

- is to set up the tank conditions (as required) for each test, Thus,

while the protocol allows. for the tests to be run in pa1rs for economy,

‘ they may all be run 1nd1v1dua11y.

6. 5 METHOD EVALUATION PROTOCOL FOR HATERADETECTION

Some methods rely on detection of water 1ncurs1on to 1dent1fy leaks

- . in the presence of a high ground-water level. These often use a water
" sensor installed at the bottom of the tank. A standpipe device to test:

the function of the water sensor consists of a cylinder with an accu- S
rately known (to + 0.001 inch) inside diameter attached to the bottom of -

- a pipe of 4- to 6-inch diameter pipe. The probe is mounted so that the

sensor is in the same relation to the bottom .of the cylinder as to the

*  bottom of ‘a tank when installed in the field. Enough product is put “into-
_ the cy11nder and pipe so that the product level sensor is high enough so-
~as not to interfere with the water sensor. A measured amount of water is

then added to ‘the. cy]inder until the water sensor detects it, at which

" time the water level is calculated ‘and recorded. Additional measured

amounts of water are added to produce calculated level changes. The

.amount of water added, the calculated level change, and the level change (
- measured by the method are recorded. This is done over the range of the

water sensor or 4 inches, whichever is less. When testing is comp1ete,
the product and water are removed, separated and the process is

" repeated. The testing procedure 1s g1ven 1n detai] next. .

Step 1: - Insta11 the probe temporar11y in a test standp1pe.h The bottom.
' section of about 1 foot should have an accurately known (to
$0.001 inch) inside diameter. The diameter must be large -
: enough to accommodate the probe and must be known accurately so
‘that the volume of water added can be used to calculate the
water 1eve1.

Step 2: ‘Fi11 the bottom sect1on of the standp1pe with the ‘product ,
© . (typically this will require a gallon or less). “Enough product
" ‘needs to be added so ‘that the product level sensor. 1s h1gh
- - enough not to 1nterfere with the water sensor. - .
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Step .3: Add water ‘to the cylinder with a pipette untit the sensor. ‘

- detects the presence of the water. . Record the volume of water ‘
added and the sensor reading at each.increment. -The sensor :
reading will be zero until the first sensor response. At that -
point, total the water increments and calculate the correspond-
ing level, X,, of water detected. . Record all data on page 1 of -
the Report1ng Form for Water Sensor Evaluation Data in .

Append1x B.

Step 4:. Add water to the cy]inder with a p1pette 1n 1ncrements to

produce a height increment, h, of approximately 1/20th inch.
- .At each increment, record the volume of water added and the

water height (denoted by W; §s in Table 2 of Section 7.2)
measured by the sensor. Usé pages 2 to 4 as necessary of the
Reporting Form for Water Sensor Evaluation Data in Appen-
dix B. Repeat the incremental addition of water 60 times until
a total height-of about 3 inches (or the ~range Timit of the
sensor, if less) has been reached. :

Step 5: Empty the product and water from the standpipe, refill with
product (the same product can be used after separating the
water) and repeat Steps 2 through 4 20 t1mes to obtain .
20 replications.

Record all data using the Reporting Form for Nater Sensor Evaluation Data
in Appendix B. The 20 minimum- detectab]ghwater Tevels are degﬁted by X \
J=l,...,20. The sensor reading at the i increment of the j*" test 1s

denoted by Wy j as described in Section 7.2 and Table 2. - w
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~ 7.1 ESTIMATION OF THE METHOD'S PERFORMANCE PARAMETERS .

'SECTION 7 .
" CALCULATIONS .=

From the results obtained after all testing is completed, a series
of calculations will be performed to evaluate the method's performance.
If the method has more than one mode of leak detection, then the perfor-
mance of the method must be evaluated and the results reported for each
testing mode separately. If the performance is different for different -
modes, this may limit -the conditions under which the method can be used
and these should be reported under the limitations section of the results

form. - _ . :

The evaluation of the'non901umétriﬁ test method is presented

first. A separate section (7.2) presents the calculations to estimate

the minimum water level and the minimum water .level:change that the water *
sensor can detect. Section 7.2 is only needed if the method measures or

o detects water incursion as one mode of its leak detection.

The performance of the nonvolumetric test method is judged on the

‘basiS‘ofvthe percentage of false alarms and the perecentage of correctly -

identified leaks. The performance standards specify that the false alarm

‘rate must be no more than 5% and that the probability of ‘detecting a leak
-rate of 0.10 gallon per hour must be at least 95%. The test procedure

includes 21 tests of the tank in the no-leak condition and 21 tests of .
the tank with leaks induced at rates of 0.10 gallon per hour or less.

‘These data are used to estimate the probability of false a]arm and,

lprobabi]ity of detection directly.

After all tests are performed according to the schedule outlined in
Section 6, a total of at least 42 test results will be available. Of

‘these, 21 will have been ‘obtained under tight tank conditions, and 21
-under induced leak conditions. The probability of false alarm, P(FA),
" and the probability of detection, P(D), are calculated next. : B

7.1.1 False Alarm Rate, P(FA)

The?resu1fs obtained from thé tesfs\herfOrmed,under tight tank‘ .
conditions will be used to calculate P(FA). Let N, denote the number of
these tests, normally 21. (Note: = This number must be at least 21, but

. could be larger if more tests are called for in the experimental plan set
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up at the beginning of the testing.) Let TL, denote the number of cases ‘
where the method indicated a leak. If the test results, L;, are coded as
zero when no leak is indicated and 1 when.a leak isvindica%ed, then .

’ - ’ 1

where the sum is taken over the N, tests at zero leak rate. The P(FA) is .
estimated by the ratio , : ] DR , s

" P(FA) ;VTLI/N,

In order for the system to meet the performance standards, the estimated

P(FA) must be less than or-equal to 5%. Thus, in order for the system to
meet the performance standards, TL, must be no more thén 1 if the | .
standard 21 tests are performed. . ‘ .

If the method did not identify the tank to be leaking when it was
tight, that is, TL, = 0, then the proportion of false alarms becomes .
0%. However, this does not mean that the method is perfect. The
observed P(FA) of 0% is an estimate of. the:false alarm rate based on the =~ |
evaluation test results and the given test conditions. - -

One can calculate an upper confidence 1imit for P(FA) in the case of 7 °

no mistakes. Let N, be the number of tests performed under the tight C
tank condition. Choose a confidence coefficient, (1 - a), say 95% or
. 90%. Then the upper confidence limit, UL, for P(FA) is calculated as:

UL for P(FA) =1 - a

In the case of 0 false alarms out of 21 tests, the upper limit to P(FA)
becomes 0.133 or 13.3% with a 95% confidence coefficient. That is, P(FA).
js estimated at 0%, and with a confidence of :95%, P(FA) is less than or
equal. to 13.3%. .In general the confidence interval for P(FA) can be
calculated from the binomial distribution with N, trials. The 95%
confidence interval must be calculated and reported on the results form

in Appendix B (see page 48). ' . S

7.1.2 Probability of Detécting a Leak, P(D) -

The probability of detection, P(D), is calculated for a specific
size of leak. The size of leak that can be detected with this proba-
bility is also to be reported. Normally this will be 0.10 gallon per -
hour, as required by the performance standards. The exception to this
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,would occur if a method 1s tested using 1nduced 1eak rates smaller than
~0.10 gallon per hour, for example, 0:05 gallon per ‘hour. Report the
. probability of. detect1on, P(D), together with the maximum-leak rate used
in the evaluation testing. The leak rate correspond1ng to the P(D) will

be O. 10 galion per hour or 1ess

The results obta1ned from the tests performed under 1nduced Teak
conditions (leak rates 1ess than or equal to 0.10 gallon per hour) will

‘be used to calculate P(D). * Let N, be the number of- such tests. Typi--

cally, N, will also be 21, but could be larger if the evaluation was

initially set up to 1nc1ude more tests. Let TL, be the number of cases 1‘5;

where the method indicated a leak. - As before, the test results, L 5o are
coded as zero when the tank is declared to be tight and 1 when the tank
is dec]ared to be 1eak1ng Thus, TL2 is ca]cu]ated as

where the sum. is taken over the N, tests with 1nduced 1eaks. ThefP(D) is

‘then est1mated by the rat1o

PO = TLo/Ny

:The estTmated P(D) must be at 1east 95% for the system to meet the per-v

formance standards. Thus, TL, must be either 20 or 21 (out of 21 tests):
for the est1mated probab111ty of detect1on to be at least 95%.

If the method 1dent1f1ed the tank to be 1eak1ng in all tests where a
leak was simulated, then the proport1on ‘detected becomes 100%. However,
this does not mean that the method is perfect. The P(D) .of 100% is an
estimate of ‘the probab111ty of detection, based on the eva]uat1on test
results and the given test cond1t1ons. ,

One can calculate a 1ower conf1dence Timit for P(D) in the case of
no mistakes. Let N, be the number of tests performed under the induced
leak conditions. Choose a confidence coefficient, (1 - a), say 95% or
90%. Then the Tower confidence 11m1t LL, for P(D) is calculated as: -

.1~/Nz
. LL‘for P(D) =a ,

In the case of correct 1dent1f1cat1on of 21 tests performed under
leak conditions, the lower limit to P(D) becomes 0.867 or 86.7% with-a -
95% confidence coefficient. That is, P(D) is estimated at 100%, and with
a confidence of 95%, P(D) is greater than or equal to 86.7%. The 95% .
confidence interval for P(D) must be calculated based on the b1nom1a]

" distribution with N, tr1als .and reported on the results form 1n

Append1x B (see page 48).-
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7.2 WATER DETECTION MODE - R R .

This section is only applicable if. the method being evaluated uses
detection of water 1ncurs1on as a ]eak detect1on mode.”

Two parameters will be estimated for the water detection sensor:
the minimum detectable water level or threshold that the sensor can
determine, and the smallest change in water level that the device can
record. These results will also be reported on the Results of U.S. EPA
Standard Evaluation form in Appendix B. These parameter estimates will
then be used to calculate the minimum time needed to detect water
incursion at 0.10 gallon per hour for various tank sizes.

4

7.2.1 Minimum Detectab]e Water Level

The data obta1ned consist of 20 rep11cat1ons of ‘a determination of
the minimum detectable water level (see test schedule, Section 6.5).
These data, denoted by Xj,.j=1,...r20‘9 are used to estimate the minimum

water level, or threshold, that can be detected reliably. -
Step 1: Calculate the mean, X, of the 20 ob;ervatiqns:
X-ij/zo, o R .
¥l S \ -
Step 2: Calculate the standard,deviation,rSD; of the 20 obserVations:l

1172

(X; -
=1

Sb = 50-1

Step 3: From a table of tolerance coefficients, K, for one-sided normal
> tolerance intervals with a 95% probab111ty level and a 95%
coverage, obtain K for a sample size of 20. This coefficient is
= 2.396. (Reference. ‘Lieberman, Gerald F. 1958. "Tables . -
for One-Sided Statistical Tolerance Limits." Industrial Quality
Control. Vol. XIV, No. 10.) o P
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) .

Stepe4- calcuiate the upper tolerance: 11mit TL, for 95% coverage w1th
: * .tolerance coeff1c1ent 95%' . |

i{km,

T

TL =
e
= X + 2.396 SD

1L estimates the minimum level of water that‘the sensor can '
detect. That is, with 95% confidence, the method should detect water at
Jeast 95% of the t1me when the water depth in the tank reaches TL :

7. 2 2 Minimum Water Leve] Change

The fol]owing statist1ca1 procedure prov1des a means of - estimating

" the minimum water level change that the water sensor can detect, based. -on
- the schedule outlined in: Section 6.5. ,

Denote by wi .3 the sensor reading (1n inches) at the jth rep11cate
(j= 1,...,20) and the ith increment (i= 1,...,nJ, with n being 60 in each

, replicate) Note that the number of steps in each replicate need not be
the same, so the sample sizes are denoted by nje. Denote by XJ the water'
level detected for the first time by the sensor at the jth rephcate.,

Denote by h the level change induced at each 1ncrement. The 1eve1

- change, h, should be chosen to bé consistent with the system's claimed

reso1ution. That is, the increments should be about half (or 1ess) of
the method's c]aimed resolution. - , ,
Step 1: Ca]cu]ate the differences between consecutive sensor readings.
o The first increment will be wl 1-Xp for the first replicate
(3=1); more generaily, Wy j-xj, for the jth replicate. The
second. increment will be w2 l-wl 1 for the first replicate' more
' genera]]y, NZ --wl V3 for the: Jth rep11cate, etc.(

:Step 2: Caleulate the difference, at each incremental step, betWeen h,

“the level change;induced‘during'testing,'and the'difference

obtained in Step 1. Denote these differences by di, 3s where i
and j represent increment and replicate numbers, respectively.
Table 2 below summarizes the notations.A“ ' :
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Table 2. ~ NOTATION SUMARY FOR WATER SENSOR" READINGS v ‘ ’
' AT THE jth REPLICATE .

Calculated . Measured. . Increment | o
Tevel Sensor sensor difference 1
‘ change - reading increment calculated-meas. ?
Increment (inch) . (inch) (inch) " (inch) ' L
1 +h My Wy, 5=X4* dp,
2 +h W2, W2,i7M1,5 - da,j
3 Fhoo W 3,57 %2,5 93,5
n + h .. s W W, . dn. 5
J A 4] ‘nj.,:l ns-1,3 | nysd o
* Xi is the water level (inches) detected for the first time

J
by the sensor during the jth replication of the test.

Note that using the first sensor reading, XJ, may vary from'feplicate to
replicate, so that the ‘number of differences d .5 will also vary. Let nj
- be the number of 1ncrements ‘necessary during rep11cate J.

Step 3: Calculate the average, D j of the differences d j’ i= 1,...,nj,‘
separate]y for each replicate j, j=1,...,20.

| ny . | | o
D, =‘§S di’j/nj' S S

Si=1

. 42




" Step ~i4' Ca1cu1ate the var1ance of the d1fferences do L i= 1,...,nj

separately for each rephcate J, J-l,...,ZO ’
Co - | v | i
. Var, = (d‘i,j Dj) v/('nj-_l,)

=1,

(N

-Step 5: Ca]cu1ate the poo]ed var1ance, Varp, of the 20 var'lances
: Varl,...,Varzo.

S (n1 -1). Var'1 + eeo (n -1) Varz0
Varp = : " 20 ( ) .
: ' Ty —rn.-l

»JZ=1 - d T

Step 6: Ca]cu'late the poo]ed standard d|=v1at1on, sD

B ) - o ;f_ar

v , : 'S'tep 7: From a table of to]erance factors, K, for two-swded to1erance
. S E intervals with 95% probability and. 95% coverage, obtain K for .

“p°. o o

per replicate, K = 2.04. This value corresponds to a total of °

- 900 degrees of freedom and can be used unless the number of dif-
ferences obtained is less than 600. (Reference: CRC Handbook
of Tables for Probability and Statistics.: 1966. -William H. Beyer
(ed R PP. 31- 35. - The Chemcal Rubber Company )

_Step ,8‘ Ca]cu]ate the m1mmum water Tevel change, MLC that the sensor
’ : can detect.

- ;MLC =ksp,
_ or
MLC = 2.04 SD, ‘

.“,

The resu‘lt, MLC is an est1mate ‘of the m1mmum water 1eve1 change
that the water sensor can detect. A

(Zn;-ZO) degrees of freedom for the approximately 60 increments



7.2.3 Time to Detect an Increase in Hater Level.

The minimum detectable water level and the m1n1mum detectab]e change
can be used to estimate the minimum time needed to detect water incursion
into the tank at a specified rate. This time is specific to each tank
size and geometry and depends on specific assumptions. The calculations
are illustrated for an 8,000~ ga]]on steel tank- that is 96-1nch d1ameter'
and 256 inches 1ong. , :

Suppose.there are x inches of water in the tank. The taﬁk'1svmade K

of quarter-inch steel, so the inside diameter is 95.5 inches, giving a
radius, r, of 47.75 1nches and a length of 255.5 inches. The water sur-
face will be 2d wide, where d, in 1nches, is ca1cu1ated as

= JrZ - {r - x)Z’

where x is the water depth. The area of the water surface .at depth cf

X inches of water is then given by 255.5 x 2d inch2. Multiplying this by’

the minimum level change and dividing the result by 231 inch3 per galion
gives approximately the volume change in gallons that the 'sensor can
detect reliably. Th1s differs w1th ‘the level of water in the tank.

For these calculations, the follow1ng assumpt1ons are used. The

probe is assumed to be inserted at.the m1dpo1nt of the tank length and to -

~ rest on a striker plate the top of which .is 0.63 inch above the bottom of
- the tank. The initial water depth is taken as the minimum depth the
sensor can detect with 95% probability plus the striker: p1ate depth of
0.63 inch, rounded up to the next quarter inch. The tank is assumed
level. (Ca]cu1at1ons show that if the tank is .tilted, the cross-
sectional area of the . water surface will be slightly 1ess for the same
water depth at this 1ocat1on, so these calculat1ons s]1ght1y overest1mate
the volume.) .

To determ1ne how long the method will take to detect 'a water incur-
sion at the rate of 0.10 gallon per. hour,: divide the minimum volume
change that the water sensor can detect by 0.10 gallon per hour. -As a
numerical example, suppose the minimum depth of the water detectable is
0 3 inch and the minimum detectable change is 0.02 inch. This gives

= 0.95 inch (0.3 + 0.625 rounded up). . In an. 8,000-gallon tank with
1n$1de diameter 95.5 inches and 1ength 255. 5 1nches, the water surface
width, d, is calculated as :

d= \/(47 75)2 - (46 8)2 = 9.48 1nches

The volume, in dal]ons, correspond1ng to a 0. 02-1nch 1mcrease is . |
= 2(9.48) x 255.5 X (0.02)/231 |
or. |
V = 0.42 gallon
: _44. o
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The fime_that the sensor will take.tb detect'water'incurSiohs‘af the‘rate‘
of 0.10 gallon per hour will be 2 . r , . R

time = 0.42,g§1Toh/0.10 ga116n per'houf'= 4.2 hodﬁs {

Thus, the sensor would detect water coming in at the rate of 0.10 galion

-+ -per.-hour after about 4 hours 15 minutes. -The incursion- of the water into
-the tank should be obvious under these conditions if the test is run for °
- at least 4 hours 15 minutes. o B - '

The;mihimum amount of Watér in-a tank that can be-detected by a =
sensor. depends on the placement of the sensor, any tilt. of ‘the tank, the .

- tank size, and the sensor threshold. - This minimum amount varies from
. about 2 gallons to 10 or 15 gallons, depending on the combination of . -
‘these factors. If water enters at a rate of 0.10 gallon per hour, it

would require anywhere from a day to a week for enough water to be
detected, starting with no water in the tank. . S

7.3 OTHER REPORTED CALCULATIONS

. This séction'deécribes other balbuiafions needed to -complete the

~ Results of U.S. EPA Standard Evaluation form (Appendix B). Most of these
- calculations are straightforward and are described . here to provide com- -

plete instructions for the use of the results form.

'These sectiohs are .only required'if they are applicable to the

~ particular nonvolumetric method being evaluated. If a section is not’
- applicable, skip the calculations and report *not applicabie" on the .

results form. .

Size of Tank =~ ) T

, T - A
The evaluation results are applicable to tanks up to at most 50%
larger capacity than the.test tank and to all smaller tanks. Multiply

- the volume of the test tank by 1.50. Round this number to the nearest
. 100 gallons and report the result on page 2 of the results form.
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Maximum Allowable Temperature D1fference

This section is only applicable 1f temperature cond1t1on1ng was
needed and used as part of the evaluation procedure. °If temperature does

not affect-the operation of the method, ignore this sect1on and indicate .

“not applicable" on the resu]ts form.

_ Ca1cu1ate the standard dev1at1on of the 21 temperature differences
actually achieved during testing. Multiply this number by the factor
-+ 1.5 and report the result as the temperature range on the 11m1tat1ons
sect1on of the results form. ,

The nominal temperature difference of 5°F used in the des1gn was
obtained from data collected on the national survey (Flora, J. D., Jr.,
and J. E. Pelkey, "Typical Tank Testing Conditions;" EPA Contract
No. 68-01-7383, Work Assignment 22, Task 13, Final Report, December
1988). This difference was approx1mate1y the standard deviation of the
temperature differences observed -in the tank tests conducted during the
national survey. The factor 1.5 is a combination of two effects. One
effect results from scaling up the standard deviation of the des1gn
temperature differences to 5°F. The second effect results from using the
rule that -about 80% of the temperature differences on tank tests are
expected to bé within £ 1.282 times the standard deviation.

Average Na1t1ng Time After F1111ng

Ca]cu]ate ‘the average of the time 1nterva1s between the end of the
fi1ling cycle and the start of the test for the 21 tests that started
immediately after the specified waiting. time. (Note: If more than’.
21 tests are done immediately after -the filling, use all such tests.

However, do not use the time to the start of the second test in a pair as-

this would give a misleading waiting time.) Report this average-time as
the waiting time after adding product. on the.results form. Note: The
median may be used as the average- 1nstead of -the mean |f there are
atypical waiting times. ,

For tracer methods, the average waiting time may more appropriately --

be the time from add1ng the tracer to the ‘tank until. the comp]et1on of
-the test. ‘

Average Waiting After "Topping Off"

If the method fills the tank up into the fill pipe, calculate the
average time interval between the time when the final topplng of f was
completed and the start of the test. Calculate this average using data
from a1l tests when this step was performed. Report the result on the

results form as the waiting time after “topping off" to the final testing,

level. If this step is not performed (e.g., for a test with the tank at
95% of capac1ty), enter NA (not app11cab1e) in the appropr1ate space on
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the resU]ts form. Note°' The med1an may be used 1nstead of the mean if
there are some. atypica1 wa1t1ng times.

t Average Data Collect1on Time Per Test

} Use the durat1on of the data co11ectlon phase of the tests to
~calculate the average data collection time for the total number (at least
42) of tests. Report th1s time as the average data co11ect1on time per

- test.

———

;Product Level

. If all tests are done at the same product 1eve1 report that Jevel
on the results form. .If testing was done at d1fferent .levels, report the"
applicable product level as the acceptab]e range (e g.9 from 60% to 90%

. fu11) used in the testing. g

Minimum Total Testing ,Ttme_

Finally, calculate an average. total test time from the test data.
This is the time it would take from the time the test crew arrives at the
site until a test is completed, the equipment dismantled, and the tank
returned to service. Typically, it will be the time from initial setup
of equipment through the first test data collection, plus the time
required to dismantie the equipment. Report this total time lapse on the

results form as the minimum time -that the tank can be expected to be out- . T

of serv1ce for a test of this type..

o The intent of this is to prov1de an est1mate of ‘the time ‘that the ‘
 testing will interfere with normal operation of the tank. The nonvolu-
metric methods will differ in those parts of their operation that require
- the tank to be out of service. . Consequently, the time.that should be .
reported here is the estimated time for which testing with this method .
- will. interfere w1th the use of the tank by requxring that it be- out of
service.

- 7.4 SUPPLEMENTAL CALCULATIONS AND DATA ANALYSES (OPTIONAL)
This section d1scusses some add1t1ona1 data ana1yses that may be

) possible with the data, depending on the actual results.. It also pro- .
vides some rat1ona1e for the samp]e s1ze select1on. : : Lo
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7.4.1 One-Sided Confidence Limits on P(FA) and P(D) o I ' S

It is:possible to estimate the false alarm rate and probability of
detection directly as done in Section 7.1 with any sample size. However,
for fewer than 20 tests, the estimate of P(FA) will be zero or will =~
exceed 5%, depending on whether any false alarms are found. -Similarly,
P(D) will be 100% or less than 95% for sample sizes less than 20 depend--
ing on whether any leaks are missed.or not. - Thus, the sample size of 20’
is the smallest that allows for one mistake in each case and still pro-
vides estimated performance meeting the EPA standards. The sample size .
of 21 was chosen from experimental design considerations to balance the
different conditions. - ' ' -

Confidence 1imits for P(FA) and P(D) can be calculated based on the
observed results and the sample sizes. The formulas for perfect scores
were given in Section 7.1.1 for P(FA) and in Section 7.1.2 for P(D).. =
These also depend on the selected confidence coefficient. Table 3 below
gives 90% and-95% one-sided confidence 1imits for P(FA) and P(D) based on
samples ‘of 21 tests for the case of no mistakes and one mistake, the two . S
conditions under which the method meets the EPA performance standards if
evaluated with the minimum 21 tests. : : o

. Table 3. ONE-SIDED CONFIDENCE LIMITS
© 7 FOR P(FA) AND P(D) *

Field test . ~ Confidence coefficient . '
results - 90% . - - 95% ,

: T
Pateth,

"0 Error out of 21 P(FA) <0.104  P(FA)

' 0.133
o 1 Error out of 21 ' P(F ‘ S

<

A) <0.173 . P(FA) < 0.207
0 Error out of 21 P(D) > 0.896  P(D) > 0.867
1 Error out of 21 P(D) = 0.827 . P(D)‘2‘0.793.

Table 3 shows that the confidence limits start to become fairly large for
high .confidence with even one error. Using a larger sample size would
jmprove the confidence 1imits, but would add significantly to the cost of
testing. The sample sizes were selected as a compromise to provide
reasonable estimates while not requiring excessively expensive testing.

7.4.2 Alternaiive Sﬁatistical Model

If the evaluation uses three non-zero leak rates and if the method
fails to detect some of the induced leaks, an alternative statistical
analysis may be possible. This alternative statistical method fits a - .
logistic model to the data, assuming that the probability ‘of ‘detecting a

LI
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]eak-fncreaées Wifh‘the size of the leak. ,If"one éssumes that the logis;

" tic model with parameters A-and B holds, then the probability of detect-
~ ing .a leak can be expressed as: _ o -

.P[Détecting a leak givenj&ileak;of size S] = 1/[14exp(A+B$)]j

That is, the probability that the test method will indicate a Teak when

there is an actual induced leak rate, S, is given by the Togistic func-
tion. The data from all 42 tests can be used to estimate the parameters .
A and B of the equation. This requires an iterative estimation technique

- that 1is available in several commercial statistical software packages -

such as SAS, BMDP, or SYSTAT. The estimation will not converge if no f
mistakes are made, and it may not converge if only a few mistakes are
made. If the estimates do converge, then the function with the estimated

-values of A and B can be used to estimate the P(FA) of the method by sub-
- stituting S = 0. The P(D) can be estimated for any leak rate S by sub-
. stituting.S into the equation. Specifically, S = 0.10 gallon per hour.
- can be substituted to compare with the EPA performance standards' for .
probability of detection. e S

-7.4.3 Estimation of Teﬁﬁerature Efféctv

: If the temperature and stabilization time variables influence the
operation of the test and testing is done according to the full set of

-conditions in Table 1, the logistic model can also be used to test

whether the additional variables did have a significant effect on the

performance. Again, whether this is possible depends on the number and

- pattern of the actual data results. The approach is to add one or more -

indicator variables to the logistic model to estimate the effect of the e

E additional factor. The model would become

P[Deteéting,a leak given a léak of size S] = 1/[1+exﬁ(A+BS+CiTi)](,' |

where the three temperature conditions were identified by Ty and coded . o
appropriately. - This modeling becomes rather involved. ‘The -evaluating
organization should involve statistical support if these additional cal-'
culations are warranted. Note that this modeling will-generally not be
possible if the system performs so well that the direct estimates of
P(FA) and P(D) described in Section 7.1 meet the EPA performance stan-
dards. Thus, this approach is supplemental to provide information for a

- vendor to use in improving a method by identifying factors that signifi-
~cantly affect the system's performance. ‘ S
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. SECTION 8
~ INTERPRETATION

The results reported are valid for the experimental conditions dur-
ing the evaluation, which have been chosen to represent situations com-
- monly encountered in the field. - These should be typical of most tank
--testing conditions, but extreme conditions can occur and might adversely
affect the performarice of the method. It should be emphasized that the
performance estimates are based on average results obtained in the
-tests. An individual test may not do as well.. Some individual tests may

do better. .

8.1 BASIC PERFORMANCE ESTIMATES

- The relevant performance measures for proving that a tightness test
method meets EPA standards are the P(FA) and P(D) for a leak rate of -
0.10-gallon per hour. The estimated P(FA) can be -compared with the EPA
standard of P(FA) not to exceed 5%. In general, a lower P(FA) is -
preferable, since it implies that the chance of .mistakenly indicating a
leak on a tight tank is Jess. For a concern with many tanks, there will.
be fewer false alarms. However, reducing the false alarm rate may also

-reduce the chance of detecting a leak. The probability of detection
generally increases with the size of the leak. The EPA standard .spec- .
ifies that P(D) be at least 95% for a leak of 0,10 gallon per hour. A

. higher estimated P(D).means that there is- less chance of missing a small

"~ leak. ' SR : B . . : ‘

The discrete nature of the data implies that only a few values of

. P(FA) or P(D) are possible. With the standard 21 tests for each test .

condition (tight or leaking tank), the possible values are. 0, 1/21, 2/21,

etc. Consequently, the reported estimates are only precise to about L
5%.  The confidence: 1imits reported in the case of a perfect score

- indicate the range in which the true P(FA) or P(D) is expected to be.

- For example, a method that achieved zero false alarms out of 21 would. not

be expected to have a zero false alarm rate. Instead, its false alarm

rate should be less than 10.4% with 95% confidence. = -

If testing is done at an induced lak rate Tess -than 0.10 gallon per
‘hour, the P(D) may be reported at the smaller leak rate actually used.
The standard test, using an induced leak rate of 0.10 gallon per hour,

* would report P(D) for the rate of 0.10 gallon per hour. In general, a
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method that can detect.a smaller leak with high probability is to be
preferred because it will identify a potential problem earlier. This may
reduce the amount of pollution and the cost of remedial action. ;

8.2 LIMITATIONS

Nonvolumetric tank tightness testing methods that are based on
different operating principles will have different factors that can
interfere with their performance. Consequently, the limitations on the
applicability of-the performance estimates will also vary with the )
method. If a factor, for example temperature, does not affect the
principle of operation, it should not be reported as a. limitation.
However, there may be interfering factors other than those listed in the
experimental plan that affect a particular test method. If 'so, those
additional factors might 1imit the applicability of the method. The

reporting form provides a place to identify other sources of 1nterference"i

and to state the test conditions for them. o

Some nonvolumetric test methods use more than one mode of -
operation. If so, different Timitations .may apply to each mode of leak
detection. It is possible that one mode of operation may be unaffectéd
by size of tank, but that another may depend strongly on tank size. For
example, a water sensor may be used to test for leaks in the presence of
a high ground-water level. It may do so by sensing water incursion, in-
which case .it must be able to detect water incursion at the rate of

.detectable at a fixed rate of incursion will be a function of the size o
the tank, this mode of leak detection is dependent on tank size.

0.10 gallon per hour. Since the time required for the water level to be D
£

. 8.3 MWATER LEVEL DETECTION FUNCTION

If the system uses a water level sensor, the foltowing results are
; reported. : ) r S o

The minimum water level detected by the sensor is estimated. from the-
average threshold of detection, and the variability of the water level
threshold is estimated by the standard deviation of the test data. The
minimum water level that will be detected at least 95% of the time is the:
jevel to be reported. Statistically, this is a one-sided tolerance
Timit. . - ’

The ‘tolerance 1imit calculated in Section 7.2.1 estimates the
minimum water level that the sensor can detect above the bottom of the

probe. If the installation of the sensor leaves the probe at a specified f

distance above the bottom of the tank (for example, 1 inch), then this
minimum distance needs to be added to the reported minimum detectable
"~ water level. - , o R
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8.4 MINIMUM WATER LEVEL CHANGE MEASUREMENT

The‘water.senSOr may be used to test for 1eaks‘in the event of a
high ground-water level. If the ground-water level is above the bottom

" of the tank, there will be an inward pressure when the product level is

sufficiently low, and if there is a hole in the tank, water will flow

into the tank under these conditions. Based on the ability of the water

sensor to detect a change in the.level of water in the product, one can
determine how much water must enter the tank in order for an increase in
the water level to be detected. From this information, in turn, one can

‘determine the size of a leak of water into the tank that the system can

detect at a given time. _

The standard deviation of the differences between the change in
water level measured by the sensor and the change induced during the

. tests is used to determine the ability.of the water level sensor to,

detect changes in the water level. A two-sided 95% tolerance interval is

‘then calculated for this detection ability (Séction'7.2.2).v

" The minimum éhange in water'Ieve1 thaincan be detected,ié used to
compute a minimum change  in water volume in the tank._ This conversion is
specific to the tank size. Using the minimum change in water volume that.

“the sensor can detect, the time:needed for the method to detect an incur-

- sion of water at the rate of 0.10 gallon per hour is calculated (Sec-

-tion 7.2.3). This calculation indicates the minimum time needed for the

water detector to identify an inflow of water at the minimum leak rate -
~ and to alert the test operator that the water level has increased. -

8.5 VADDITIONAL CALCULATIONS

. If the performance estimates do not meet the performance require-
ments, the vendor may want to investigate the conditions under which
errors occurred. Calculating the percent of errors by size of leak, by

. temperature condition, and by length of stabilization time as applicable

may suggest ways to improve.the method. This may-be as straightforward
as identifying conditions that lead to poor performance and revising the

o operating procedure to avoid those, or it may reqhire,redesign of the

method. .~

| The“re]ationship 6? pérforﬁance to tést’conditions is primarily of
interest when the method does not meet the EPA performance standards.

Developing these relationships is part of the ‘optional or supplementary .
data analysis that may be useful to the vendor, but not to many tank

_owners or: operators. _ :
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| SECTION 9
... REPORTING OF RESULTS

.. Appendix B is designed to be the framework for a standard report.
There are five parts to Appendix B, each of which is preceded by instruc-
tions for completion. The first part is the Results of U.S. EPA Standard
Evaluation form. - This is basically an executive summary of the find-
ings. It is designed to be used as a form that would be provided to each
tank owner/operator that uses this system of leak detection. Conse- ~
- quently, it is quite succinct. The report should be structured so that

this results form can be easily reproduced for wide distribution. . .. -

A method that uses more than one mode of leak detection may achieve
different performance results for the different modes of operation. The
_results form is structured to allow for reporting the P(FA) and P(D) .
. separately for different modes of leak detection. The method meets the
EPA -performance requirements only if all modes of leak detection meet
those reguirements. ’ . L Tk : .

Suppose that a method had two modes of testing, a basic one and an ‘
.ancillary one for testing in the présence of a high ground-water. level., - -
Suppose that the test method when evaluated in the case of high ground-
water level did not meet the EPA performance requirements, but the basic
one did. Then a report could be issued, stating that the method meets®
the EPA performance requirements, but cannot test when the ground-water -
* level is above the bottom of the tank. _. : , C o :

'The.statemént of compliance with the EPA performance standards must
be consistent with stated limitations on the form and also with the
standard operation of the method as déscribed on the Description form.

.. The second part of the standard réport consists of the Description
of the method. A description form is included in Appendix B and should
be ‘completed by the evaluating organization assisted by the vendor.
.~ The third part of the standard report contains a Reporting Form for
.Leak Test Results, also described in Appendix B. This table summarizes

the test results and contains the information on starting dates and
times, test duration, leak test results, etc. .




- The fourth part of Appendix B contains a blank Individua] Test ‘ .
Log. While the Individual Test Log-has been: designed to be flexible, it

may need modifications for some test methods. - This form should be repro-
duced and used to record data in the field. Copies of ‘the completed

daily test logs are to be included in the standard report. These serve .

as the backup data to document the performance estimates reported.

The fifth part of Appendix B provides a form to record the test
results when evaluating the system's water sensor. The data to be | : -
recorded follow the testing protocol (in Section 6.5) to determine the '
minimum Tevel of water and the minimum water level change that the system
.can- detect. This part is on1y app]icab]e if the system uses a water
sensor. ‘

If the optional calculations~described in Section 7.4 are performed,
they should be reported to the vendor. It is suggested that these
results be reported in.a separate section of . the report, distinct from
the standard report. - This would allow a user to identify the parts of
the standard report quickly wh11e still having the supplementa1 1nforma-
tion available if needed..

The 11m1tat1ons on the resulits’ of the evaluation are to be reported
on the Results of U.S. EPA Standard Evaluation form. The intent is to- ‘
document that the results are valid under conditions represented by the , &
test conditions. Section 7.3 describes the summary of the test condi- A
tions that should be reported as limitations on the results form.. These .-
items are also discussed below. The test conditions have been chosen to f‘
represent the majority of testing situations, but do not include the most‘
extreme conditions under which testing could be done. The test condi- -
tions were also selected to be practical. and not 1mpose an undue burden
for evaluation on the test companies. ‘

One practical 1im1tation of the results is. the si'e of the tank,
Tests based on volumetric changes general]y perform less well as the size
of the tank increases. However, for some nonvolumetric test methods,
size is not such a restriction. The evaluating. organixation must deter-
mine the extent to which tank size affects performance and report a size
Timitation here. .

A second potentia1 11m1tat1on on the results is the temperature
differential between the product added to the tank and that of the
product already in the tank. Testing during the EPA national survey
. (Flora, J. D., Jr., and J. E. Pelkey, "Typical Tank Testing Conditions,"
EPA Contract No. 68-01-7383, Work Assignment 22, Task 13, Final Report,
December 1988) found that temperature differentia]s were no more than 5°F -
. for at least 60% of the tests. However, it is clear that larger differ-
ences could exist. If temperature affects the method, then the tempera- .
ture differences used in the evaluation must be.reported. If the physi- B
cal principle of the method is not affected by temperature, then report
that the method is not limited by temperature and the basis for this
conclusion. The.evaluation testing may be done using larger temperature
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differentials, reporting those actually used. The results cannot be
guaranteed for temperature differentials larger than those used in the
evaluation. : o o o ‘

A third Timitation on the results is the time needed by the method
for its operation. For example,: tracer methods require some time for the
tracer to move through the backfill to the sensors. The Individual Test
Logs call for recording the actual time used in the testing. The average -
‘time is to be reported and the results should be valid for times at ledst
this long. It may be the case for some nonvolumetric methods that the . -
time for preparation does not require taking the tank out of service. If -
so, this should be noted. . o . , ' I S
... The duration of the data collecting phase of the test is another -

- limitation of the method:. If a. test shortens the data collection time ,
and so collects less data, this may adversely affect the method's perfor-
mance. As a consequence, the results do not apply if the data collection
time is shortened. This is primarily of concern in documenting that a -
tank is tight. If results clearly indicate a leak, this may sometimes be -
ascertained in less time than needed to document a tight tank, particu--
larly if the leak rate is large. Thus, while the false alarm rate may be

- larger if the test time is shortened, this is not usually a problem in-

. that if test results indicate a leak, efforts are usually made to iden-
~ tify.and correct the source of the leak. T S .

' If the method uses a water detector as part of its operation, the
minimum depth of water that the sensor can detect is reported. In addi-
tion,. the minimum change in water level that the sensor can detect is
reported. From this minimum detectable change in water level, a minimum

volume change can be calculated based on the tank size and depth of the
~ water. A minimum time for detection is calculated and reported as the’
time needed for water flowing into the tank at the rate of 0.10 gallon
per hour to increase the water volume enough to be detected by the
sensor, - : ‘ Lo : :

It is expected that nonvolumetric methods may require some '
~modification of the forms. It is hoped that the forms supplied will be
flexible enough to provide for most of the data recording needs. - How-
. ever, if modifications are needed to accommodate a particular method, the
. evaluating organization should make the required modifications and use:
the resulting forms. The conditions during the evaluation tests are to

be recorded. The factors that affect the performance of the method being -

evaluated must be recorded. The performance results are limited by the
- test conditions actually used and reported. v '
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APPENDIX A

DEFINITIONS AND NOTATIONAL CONVENTIONS
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In this. protocol Teaks are viewed as product lost from the tank.  As ‘
a convention, leak rates are positive numbers, representing the amount of
product loss per unit time. " Thus a larger Teak represents a greatéer

product loss. Parts of the Teak detection industry report volume changes

per unit time with the sign 1nd1cat1ng whether product is lost from the

tank (negative sign) or is coming into the tank. (positive sign). We :
emphasize that here, leaks refer to the d1rect1on out of the tank and the

rate to the magnitude of the flow.

The performance of a 1eak-detection'method is expressed in terms of
the false alarm rate,  P(FA), and the probability of detecting a leak of
specified size, P(D(R)), where R is the leak rate. In‘order_to under-
stand these concepts, some explanation is helpful. S

Nonvolumetric test methods make a determ1nat1on of . whether a tank is
leaking or not. The false alarm rate is the proportion of times that the
method -would incorrectly indicate that a tight tank is leaking. The
probability of detection is the probability that the method will cor-

. rectly identify a leak of specified size, R. Usually, the 1arger the
leak rate, the more 1ikely the method is to detect it, so the probability
of detection must specify the leak rate to be detected. In evaluating
nonvolumetric methods, the performance measures are generally estimated -
directly from the test results. The false alarm rate is estimated by
conducting a number of trials on a tight tank and calculating the pro-.
portion of those during which the method incorrectly indicates a leak.

The probability of detection is estimated by conducting a series of = = _. .

trials with an induced leak rate, R, and calculating the proportion of O
. those trials during which the method correct1y identifies the tank as.
. leaking. . ,

Defin1tions of some of the terms used throughout the protoco1 are
=presented next.

Nominal Leak Rate: . The set or'target leak rate to be achieved as
: closely as: possib]e during testing. It is a
positive number 1n galion per hour. -

Induced Leak Rate: "~ The actual- leak rate, in galion per hour, used
. ' . during testing, against which the results from
a given test device‘wi11 be compared. ‘ ’

False Alarm: Declaring that a tank is 1eak1ng when 1n fact ,
- it is tight. . ‘

Probability of = - ' The probability of declaring a tank 1eakihg.'

False Alarm, P(FA): when it is tight. In statistical terms, this

is also called the Type I error and is denoted
by alpha (a). It is usua]ly expressed in
percent, say, 5%.




‘ . _Probability of

Detection, P(D(R))S o

‘ Resolufion:

The probability of detecting a leak rate of a
given size;-R'gallon per hour. In statistical -
terms, it is the power of the test method and :
is calculated--as one minus beta (8), where beta .
is the probability of not detecting (missing) a°
leak rate R. Commonly the power of a test is ’

expressed in percent, say,. 95%.

The resolution'bf'é measurement system is ihé
least change in the quantity being measured

- which the system is capable of detecting.
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Appendix B‘provideé"fivé'Setsqu b]éhk forms. Once filled out, these’;
forms will provide the framework for a standard report. They consist of
"the following: ' : o o L,

1. Resuilts of U.S, EPA Standard Evaidation—-Nonvoluﬁetric'Tank nghi-
‘ ness Testing Method (four pages) , ‘ o o

" 2. '_Description-~NonvoTumetfic’Tank Tightnéss Testing Method (Sixipages)‘ -

3. Reporting Form for Leak Test ReSu]ts4-N0nvo1umetric‘Tank Tightness
"~ Testing Method (three pages) - ' T

4, . Individual Test Log--Nonvolumetric Tank Tightness Teéting Method
(five pages) e o B o

- 5. Reporting Form for Water Sensor'Eva]uatidn Data—-Nonvolumetric(Iank
. Tightness Testing Method (four pages) ' o L

‘ Each set of forms is'pféceded by instructions on how the forms are to be
filled out and by whom. The following is an overview on various
"responsibilities. - L - .. . :

Who is responsible for filling out which form?

1. Resdlts of U.S. EPA Stan&ardhtvaluation. The evaluating organiza--
Co tion is responsible for completing this form at the end of the
evaluation.. : . T - : B

2. "Deécfiption of‘Nonvo]dmetr%c Tank Tightness Teﬁting Methdd. The"‘
-~ evaluating organization assisted by the vendor will complete this
form by the ‘end of the evaluation.. S A

3. Reporting Form for Leak Test Results. This form is to be completed
by the evaluating organization. In general, the statistician’
analyzing the data will complete this form. A blank:form can be

~ developed on a personal computer, the data base for a given
“evaluation generated, and the two merged on the computer. The form
can d1so be filled out manually. The input for that form will -
consist of the field test results recorded by the evaluating -
organization's field crew on the Individual Test Logs (below) and = -
‘the vendor's test results. . o B
4. Individual Test Logs. These forms are to be used and completed by
+ the evaluating organization's field crew. These forms need to be -
‘kept blind to.the vendor during testing. It is recommended that the

evaluating organization reproduce a sufficient number (at least 42 = o

- copies) of the blank form provided in this appendix and produce a
bound -notebook for the complete test period.

It is expeéted that nonvolumetric methods may ?equire some modifica-

tion of the test log. The form provided in this appendix was v
designed from a vp]umetrjt tgst 109. It is the responsibility of
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the eva]uating organization to design the appropriate forms with the
vendor's input. It is important to include in the test logs all
parameters relevant to the evaluation of a specific method. In
particular, it is necessary to document the induced 1eaks.

5. Reporting Form for Water Sensor Evaluation Data. These forms pro-
vide a template for the water sensor evaluation data if the method
includes such a leak detection.mode. ' The forms are to be used,and
compieted by the evaluating organization's field crew. It is
recommended that the evaluating organization reproduce a sufficient.
number (at least 20 copies) of the blank form provided in this
appendix and produce a bound notebook to be used in the field.

At the comp1et1on of the evaluation, the eva]uat1ng organ1zat1on will
collate all the forms into a single Standard Report in the order listed
above. In those cases where the evaluating organization performed addi-
tional, optional calcutations (see Section 7.4 of the protocb]), these
resu1ts may be attaci.d to the standard report. There is no report1ng
requ1rement for these calculations, however.

Distribution of the Eva]uat1on Test Results

The organ1zat1on perform1ng the evaluation will prepare a report for ‘the
vendor describing the results of the evaluation. This report consists

primarily of the forms in Appendix B. The first form reports the results

S . ‘

of the evaluation. This four-page form is ‘designed to be distributed
widely. A copy of this four-page form will be supplied to each tank
owner/operator who uses this method of leak detection. The owner/
operator must retain a copy of this form as part of his record keeping
requirements. The owner/operator must also retain copies of each tank
test performed at his facility to document that the tank(s) passed the
tightness test. This four-page form will also be distributed to regula-
tors who must approve leak detection methods for use in the1r Jur1sd1c—
tion. ,

The complete report, including a]] the forms in Append1x B, w111 be - :
submitted by the evaluating organization to the vendor of the leak detec-
tion method. The vendor may distribute the complete report to regulators
who wish to see the data collected during the evaluation. It may also be
distributed to customers of the leak detection method who want to see the
additional information before dec1d1ng to select a particular leak detec- -
tion method. K ‘




-

. o The optional part of the calculations (Section 7.4), f done, would be
‘ A reported by the evaluating organization to the vendor of the leak detec-
tion method. This is intended primarily for the vendor's use in under-
‘standing the details of the performance and perhaps suggesting how to .
- improve the method. It is left to the vendor whether to distribute this
- form, and if so, to whom. =~ A ? -

- The evaluating organizationA6f the 1eak détéctﬁqnhmethOd provides the
report to the vendor. Distribution of the results to tank owner/
-operators and to regulators is the responsibility of the vendor.

The forms, each“précédéd by‘itsainstructiphS‘fpr comp]etibn,‘are
presented next. : : . '
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Method Description - .

Results of U.S. EPA Standard Evaluation
“Nonvolumetric Tank Tightnes; Testing Method

Instructions for completing the form

. This 34pagé“form_1é to be fi]léd bUt,by the éVa]uating\organiéafion upon

completion of the evaluation of the method. This form will contain the

~most important information relative. to the method evaluation. A1l items

are to be filled out and the appropriate boxes checked. If a question is -
not applicable to the method, write "NA" in the appropriate space. ‘

This.-form consists of six main parts. These ‘are:

1. Method Description .
2. Evaluation Results o

3. Test Conditions During Eva1uatioh

4. ' Limitations on the Results

5. Certification of Results: -

6. Additional Evaluation Results (if applicable)

Indicate the commercial name of . the method, the version, and the name,

‘address, and telephone number of-the vendor.: Some vendors might use

different versions of their method when using it with different products
or tank sizes. If so, indicate the'version used in the evaluation. If

‘the .vendor is not the party responsible for the development. and use of
- . the method, then indicate the home office name and address of the
~ responsible party. C R oo

Evaluation Results

' The evaluation results must:be reported separately for edch detection '. S

mode if the method operates in different detection modes depending on
field conditions. Describe the mode of detection for which the results
are applicable. : E , ‘ o

P(FA) ‘is the probability of false alarm as calculated in Section 771'i'

'Report the number of false alarms and the number of:tighf tankvteSts, and
‘report the 95% confidence interval based on the binomial distribution

~with Ny tests.® Some values are tabled on page 48.

‘The leak fate.used in_the'evaluation_fs'to be inserted in'the b]ank._A'

This is the leak rate corresponding to the reported P(D) below.

P(D) is the probability of detecting a leak of the sizé induced (no_more
than 0.10 gallon per hour) as calculated in Section 7.1.2. : :

v‘Repoft the number of correct‘detectionsrand the number of simulated leak
tests, and report the 95% confidence interval based on the binomial :
‘distribution with N, tests. Somevvalpgs are;tabled-on page 48.
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If the ca'lcu]ated P(FA) is 5% or 1ess and if the ca1cu"lated P(D) is 95% o

or more, then check the “does" box. Otherwise, check the "does not"
"box. Note: the P(FA) and P(D) requ1rements app1y to. each leak detect1on
mode used by the method. v

Indicate whether this method operates under modre ‘than one mode of detec—
tion. Check the appropriate box and complete page 4 (Add1t1ona1 Evalua-
tion Results) if app11cab1e. Co

Test Conditions Dur1ng Evaluation

Insert the information in the blanks prov1ded. The nominal volume of‘the o

tank in gallons is requested as is the tank material, steel, or fiber- - -
glass. Also report the backfill material in the tank excavat1on, e.g.,
clean sand or pea gravel. Give the tank diameter and length 'in inches. .
Report the product used in the testing. Give the range of temperature
differences actually measured as well as the standard deviation of the .
observed temperature .differences. Report the ground water level for the -
test tank in inches above the bottom of the tank. Report zero for ground.
water at or below the bottom of the tank. k ' S
Other sources of interference may affect non-vo]umetr1c methods. Report
any sources of interference specific to the method on the lines pro-
vided. Also report the range of test conditions for the indicated
interference source. If no,add1t1ona1 sources of interference were -
identified, check "None."

L1m1tat1ons on the Results S : E ' »k 7- B , O

g

The size (ga]]ons) of the 1argest tank to wh1ch these .results can be
.applied may be ca]cu]ated as 1. 50 times the size (gal]ons) of the test
tank. .

The temperature d1fferent1a1 the wa1t1ng t1me after add1ng product until
testing,- and the total data. co]lect1on time should be completed using the
results from calculations in-Section 7.1.4. Alternately, if the
principle -of operation of the method is not ‘affected by product
temperature changes, check the box indicating that temperature is not a
limiting factor and give the Justif1cat1on.

Cert1f1cat1on of Resu]ts ' ‘

Here, the respons1b1e person at the eva]uat1ng organ1zat1on 1nd1cates
which test procedure was followed and provides his/her name and-signa- -
ture, and the name, address, and telephone number of the organ1zat1on.

Additional Eva]uat1on Resu]ts (1f app11cab1e)

If the "yes" box relating to other leak detection modes on page 1 was
checked, then provide the necessary information for the P(FA) and P(D)
for the additional leak detection mode. These probabilities will have
been calculated as described in Sections 7.1.1 and 7:1.2, based on the
eva]uat1on results obta1ned in that detect1on mode.

. ) o B-6 . ,'“‘ ;: V’ . fv ‘ﬂ'lb




Fi1l out this section as described on page B-5.

If the'method 1n¢1udes a water sensor, then complete the results for that
sensor. ' S - AR s s :

The minimum detectable water leve] and the minimum detectable leve]
- change that the sensor can detect will have been obtained from the

‘j calculations in Sections 7.2.1 and.7.2.2.

The minimum time for the water sensor to detect a leak of 0.10 gallon per
- hour by detecting an increase in the water level in the tank will have
been obtained from the calculations in Section 7.2.3. This time.is
calculated based on a water depth equal to the striker plate height plus
* the minimum detectable water level (above the striker plate). It assumes
a level tank and that .the sensor is located midway along the tank length.
- The minimum detectable increase is used to calculate the volume change
“needed. . This volume ‘is divided by 0.10 gallon per hour to get the time.
‘reported. Indicate the size of the tank on which this time calculation
. is based. S - e e
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o Résuhts of U.S. EPA Standard Evaluation S
~ Nonvolumetric Tank Tightness Testing Method -

~ This form tells whether the tank tightness testing method described below complies with the
performance requirements of the federal underground storage tank regulation. The evaluation was
conducted by the equipment manufacturer or a consultant to the manufacturer according to the
U.S. EPA’s “Standard Test Procedure for Evaluating Leak Detection Methods: N onvolumetric
. Tank Tightness Testing Methods.” The full evaluation report also includes a form describing the
' method and a form summarizing the test data. = - o * S

_' Tank owners using this leak detection system should keep this form on file tovpr(')ve complianc.e' ‘
with the federal regulations. Tank owners should check with State and local agencies to make sure
this form satisfies their requirements. B S ) g

Method Description = R SN
Name -~ ' ' ' o
Version -

- Vendor

(street address)
. Y

,(c‘i'ty) o _ *Y(Vstafe) (z:p) - , .‘(‘p‘hdhetj

_ . Evaluation Results =~ . |
, This method, which declares a tank to be leaking when

_has an estimated probability of false alarms [P(FA)] of _ ___%basedonthetest =
resultsof ________ false alarms out of — . tests. A 95% confidence interval for P(FA)
is from ’ - S . o : o cL ,
C to ___ _%. LT T T .
The corresponding probability of detection [P(D)] ofa ' gallon per hour leak is
: % based on the test results of __ ___detections out of ____ : '

- sihulated leak.tests. A 95% confidence,intewal for P(D) is from to___ %

‘Does this method use additional modes of leak detection? [1Yes [ No. If Yes, complete, .
. additional evaluation results on-page 3 of this form. S : R

’B‘ased‘on the ré_sults ébove, and fo_h page 3 if abplicable, this.méthbd [l does D does not -

- meet the federal performance standards established by the U.S. Environmental Protection -
.. Agency (0.10 gallon per hour at P(D) of 95% and P(FA)of5%). -~ -~ . =

- Test Conditions During Evaluation

.The evaluation testing was conducted ina__'. -gallon [steel (lfiberglass tank .
that was . inchesin diameterlandf_______'_ inches long, installed in
. . . _backfil.” — = . D v :

: . The ground-water level was - ihches ébove the bottom of the tank.

: ) Nohvolu_rrnetricTTT Method - Resuits Form o k o o SR h Pageiof3 -+
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- Nonvolumetric TTT Method
Version

Test Conditions During Evaluation (contmued) N T m
The tests were conducted with the tank percent full ‘ -

The temperature difference between product added to fill the tank and product
already inthe tank rangedfrom ___ °F to - °F,
with a standard deviationof - °F. :

The product used in the evaluation was

This method may be affected by other sources of interference. List these lnterferences below
and give the ranges of conditions under Wthh the evaluatlon was done ((.,heck None if not’ Sy
applicable.) = . _ ,, | T

L] None ‘ S L B J ‘
Interferences A - Range of Test Conditions R

. Limitatlons on the Results .
The performance estimates above are only valld when:

e The method has not been substantrally changed. , L
¢ The vendor’s instructions for using the method are followed - - S : {. !
The tank contams a product identified on the method descnptlon form.. | ' ' |
The tank capacity is gallons or smaller.

°

The difference between added and in-tank product temperatures - - - - ] |
is no greater than + or - ___degrees Fahrenheit. : : X R

[ check if applicable: :
Temperature is not a factor because

e The waiting time betwéen the end of filling the test tank and the start of the test data collec-
tionis atleast __° hours. : , :

e The waiting time between the end of “topplng off” to final testlng level ancl the start of B
the test data collection is at least .__ hours ‘ , o o

e ‘The total data collection time for the test is at Ieast A " hours.

e The product volume in the tank during testing is . __%full.

° 'l]‘ths me(thod Hean cannot be used if the ground-water Ievel is cibOVE the bottom of
the tan ‘

'Other limitations specified by the vendor or determined during testnng: -

. :
e

Nonvolumetric TTT Method - Results Form , .o , ~ Page 2':of 3




" Nonvolumetric TTT Method_
" Version - -

‘ > Safety disclaimer: This test procedure only addresses the issue of the method’s
ability- to detect leaks. It does not test the equipment for safety hazards.

- Additional Evaluation Results (if applicable) N
This method, which declares a tank to be leaking when

~  has an estimated probability of false alarms [P(FA)] of - % based on the test ,

' results of _falsealarms outof _____~ tests. Note: A perfect.score during testing
-does not mean that the method is perfect. Based on the observed results, a 95% confidence -
interval for P(FA) isfromOto -~ %. = R : . . -

' The corresponding probability of detection [P(D)] of a ___gallon per hour leak js

‘ % basedonthetestresultsof ___  detectionsoutof - simulated
. leak tests. Note: A perfect score during testing does not mean that the method is perfect.
-Based on the observed results, a 95% confidence interval for P(D)isfromOto____~_ - %.

> Water detection mode (if a_bpliéable)"'

- Using a false alarm rate of 5%, the minimum water level that the water sensor can detect
with a 95% probability of detection is _____inches. ‘ : ' :

. Using a false alarm rate of 5%, the minimum change in water level that the water sensor
* can detect with a 95% probability of detection is inches. . R _

Based on the minimum water level and change in water: level that the water sensor can
. detect with a false alarm rate of 5% and a 95% probability of detection, the minimum time for
. the system to detect an increase in water level at an incursion rate of 0.10 gallon per hour is
___-minutésina ' -gallon tank. - ~ ' N

~ Certification of Results =~ S : |
I certify that the nonvolumetric tank tightness testing method was installed and operated
. according to the vendor’s instructions. | also certify that the evaluation was performed
‘according to the standard EPA test procedure for nonvolumetric tank tightness testing -
methods and that the results presented above are those obtained during the evaluation.

3 B

(p’rvinted name) — . ) - i : (ofganizétion performing evaluation)
(Eignatare) — - (chy, state, Zip) —
' (date) T I ' ' (Phone Aumber)

.. Nonvolumetric TTT Method - Results Form , : : - | N . Page 30f3
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_system or.on how the -equipment works.

7.  Exceptions

; Descriptidn of‘Nonvqumetrfb Tank.Tightness Testing Method
| Ihstructions for completing the form | ‘

This 6-page form is to be filled out by the evaluating organization with
assistance from the vendor, as part of the evaluation of .the method.
This form.provides supporting: information on the principles behind the

To minimize the time to cqmp]etejthis form, the most fréduent]y expetted
answers to the questions have been provided. For those answers that are
dependent on site conditions, please ‘give answers that apply in “typical"

- -conditions. Please write in any additional information about the testing

method that you believe is important.

. There are.seven parts to‘this form. These are;'

1, Method Name and Version .
2. . Product
> Product type
.- > Product level
3. Principle of Operation

‘4. Temperature Measurement
. 5. Dbata Acquisition

6.  Procedure Information
> Waiting times o
© > Test duration L .
" > Total time s ‘ - ' .
‘> Other important elements of the procedure or method
Identifying -and correcting for interfering factors
Interpreting test result S

RVRY;

‘Indicate the. commercial name and the version of the method in the first

part.

 NOTE: The version s provided for methods that use different versions

of the_equipment'for different products or tank sizes.

For the six reﬁaihing pafts,léheck'a11 appropriate boxes for each
question. Check more than one box per question if it applies.- If a box

. "Other" is checked, please complete the space provided to specify or

briefly describe the matter. If necessary, use all the white space next
to a question for a description. . - ;
The section "> Other importan; elements of the ﬁroceduré or,method“f
should be completed carefully. List here any other important elements of .
the procedure or method that could affect its performance. For example:

- If{the pressure in the u11age:spéce‘ié different from atmospheric

- during testing, indicate whether a negative or positive préssure was
applied. - Report that pressure and its units. ' T

B-11




- If the method used 15 a tracer method clearly documPnt the process of
.adding the tracer to the tank and in the sp1k1ng port.

If a tracer is added to the: product in the tank, prov1de 1nformat1on on |

the following items:

* type of tracer(s) ' !

* tracer concentration in the product

* type of carrier

* time between spiking and starting the test

* type of sampling, e.g., whether sampling is active or passive (1n
other words, how does the tracer reach the sampling ports? by

‘natural diffusion process? is the process enhanced by add1ng forced ‘

air? etc.)
* other relevant items

"When sampling ports are 1nsta11ed for tracer methods, measure ‘the

distances between any part of the tank to its nearest sampling. port. |
Report the largest of these distances. ‘

B-12




. .

- > Product level .

- rD'éscripti'o‘n,‘v P
Nonvolumetric Tank Tightness Testing Method

method. It is not intended to provide a thorough description of the principles behind the

 This section describes briefly the important aspects of the nonvolumetric tank tightness testing

' method or how the equipment works. - .

Method Namvevand Version

/

" Product
. > Product type

For what products can this method be ‘useq? (check all applicable)
[J gasoline IR o
[ dieset N | . .
‘Da.viation'fuevl I B P . B
[ fuel oil #4 | ‘ o | T
[ tuel oil #6
[ soivents
[1 waste il
[ other (ist)

What product level is required to cohduct a ~te'st‘?
- [ above grade -
[ within the fil pipe
[ greater than 90% full .~ -
- [ greater than 50% full
[Jempty - .
- [0 other (specify)

fNonvolumétricTTT'Me.thogj-Description E g T o — - A Page 1 of 6




Principle of Operation . : ‘ .
What principle or principles are used to identify a Ieak’? S . O
[ acoustical signal charactenstlc of a leak - | o : ' | .
- [ identification of a tracer chemrcal outsrde the tank system R . S BRI
L__l changes in product level or volume - ’ o
[ detection of water inflow
1 other (describe briefiy) '

Temperature Measurement

If product temperature is measured durlng a test how many temperature sensors
are used? .

[1 single sensor, without circulation
[ single sensor, with circulation
[} 2-4 sensors
[ 5 or more sensors | - 7
[] temperature-averaging probe N N S LA
", i

If product temperature is measured during a test what type of temperature sensor is used? . o |
[ resistance temperature detector (RTD) . e e o ‘ o
L] bimetallic strip o o R q.
L_;lquartzcrystal o |
1 thermistor ’ ’ ’ o o . :
[ other (describe briefly) _-

If product temperature is not measured durrng atest, why not'7 _

O 'Ehe factor rr)reasured for change in level or volume is’ lndependent of temperature
e.g., mass ‘

[] the factor measured for change in Ievel or volume self—compensates for changes in
temperature , , c

[ other (explarn briefly) _ s IR o

| Data Acquisition ,
How are the test data acquired and recorded’?

[ manually .
O by strip chart
] by computer

‘Nonvolumetric'l'lTMethodlDesc’riptio’n ' : . -, . . Page20f6
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"_Nonv.o;lymetricTTTMethod-Descriptipn . . T "g . - N .'Pégeéofs,

. > Total time:

. Pro.de’cjure Information
> Waiting times

-Whét i$ the mihi‘mum waiting‘ périddl between adding a largé vdlume of pfoduct to brihg tﬁé
~ level to test requirements and the beginning of the test (e.g., from 50% to' 95% capacity)?
O not applicable - BRI o L
[J no waiting period
[J'less than 3 hours
[J36hours
- O 7-12 hours
L1 more than 12 hours o - . . B |
In variable, depending on tank size, amount added, operator vdiscrefioh, etc.

L

> Test duration - _ |
_Wha{.‘ié the minimurh ‘tirr‘le for lelecting data? N
- [less than 1 hour. ' '
, 1 1hour
' ,,,'|:|'2'houfsf ,
- |2 3 hours o
: [?__'l‘4jhours'- 1 | | | , | - | |
[J510hours | i . - D
3 more than 10 hours - S A
[ variable

- What s the total time needed to test with this method?

_(setup time plus waiting time plus iesting time plus time to return tank to service) o
hours___ " ' minutes o | "

' > Other important elements of the procedure or method

- List here any other elements that could affect thé performance of the procedUre or method

(e.g., positive or negative ullage pressure, tracer coricentration, distance between tank and-
sampling ports, etc) : o : ( S




> ldentifying and correctlng for lnterferlng factors

How does the method determlne the presence and level of the’ ground water above the
bottom of the tank? .

] observation well near tank.

. information from USGS, etc. |
[ information from personnel on-site '
] presence of water in the tank
[ other (describe brisfly)

. Vot

[ level of ground water above bottom of the tank not determined

How does the method correct for the mterference due to the presence of ground water
above the bottom of the tank? ,

[ head pressure increased by raising the level of the product
[ different head pressures tested and leak rates compared
[ tests for changes in water Ievel in tank

[ other (describe briefly)

[] no action

Does the method measure |nflow of water as weII as loss of product (gallon per hour)’? ‘ o

[ yes
O no

Does the method detect the presence of water rn the bottom of the tank7
[ yes N
L no

How does the method |dent|fy the presence of vapor pockets’?

1 erratic temperature level, or temperature-compensated volume readlngs |
] sudden large changes in readings

[1 statistical analysis of variability of readings” ,

L1 other (describe bneﬂy)

- [ not identified
] not apphcable underfilled test method used ‘

“Nonvolumetric TTT Method - Description ' R | ' Page 4 of 6




— How does the method correct for the presence of vapor pockets’?

O bleed off vapor and start test over -

[ ldentlfy periods of pocket rmovement and dlscount data from analysns
l:] other (describe bnefly) - L

D not corrected” :
- [ not appllcable underfilled test method used

'How does the test method determlne when tank defor matlon has stopped following
delrvery of product? . , S S ;o
' "7[:] wait a specified penod of. tlme before beglnnlng test v
[] watch the data trends ‘and begln test when decrease in product level has stopped

| other (descrrbe briefly) _

T no procedure :
[:l not apphcable does not affect prlncuple of operatlon

Are the method S sensors callbrated before each test’r’ .
[:Jyes T T o7
[dno - e ' | . :

- If not, how often are the sensors cahbrated’? L
[]weekly R S
[ monthly ‘ T .
O yearly or less frequently

. [ never

P

> Interpretlng test results : ; : ,
" What effect is used to declare the tank to be leakmg? (Llst all modes used by the method ) '

- .

- a change in volume is used to detect leaks what threshold value for product volume )
. change (gallon per hour) is used to declare that atankis leaklng? '

"1 0.05 galion per hour -
[Jo.10 galion per hour
[] 0.20 gallon per hour '
E] other |

Nonvolumetrit:'l*l‘l'Method-"Descriptfo;n‘ R T Pagesofs .




" Under what conditions are test results considered lnconcluswe’? v e . o ‘
.El ground-water level above bottorn of tank o SRR 0 o
O presence of vapor pockets - B o o ‘ |
[ too much variability in the data (standard devnatlon beyond a <;|ven value) - o R ‘
[] unexplained product volume increase I L ,’ . |
[J other (describe briefly) = . - ; R

- Exceptions : ~
Are there any conditions under which a test should not be conducted?
[ ground-water level above bottom of tank R |
O presence of vapor pockets :
O arge difference between ground temperature and delivered product temperature :

D extremely high or low ambient temperature -

[ invalid for some products (specify)
" [ soil not sufficiently porous

[ other (describe bneﬂy)

What are acceptable devnatlons from the standard testlng protocol'?
O none- | S ‘
O lengthen the duration of test -

[ other (describe briefiy) '

What elements of the test procedure are left to the discretion of the testlng personnel
on-site? , .

O waiting period between filhng tank and begunnmg test

] length of test -

[J determination of presence of vapor pockets ' ' |

[ determination that tank deformation has subsided - S ,
[ determination of “outlier” data that may be discarded S o o
O other (describe bnefly) i - RS
O none -

Nonvolumetric TTT Method - Description o o ~ Page6of6 r

-



. Reporting Form for Leak Test Results
. Nonvolumetric Tank Tightness Testing Method B

o Instrﬂctiohs,for éompletingfthe form 7’

" This 3-page form is to be filled out by the evaluating organization upon
- .completion of the evaluation of the method in each of its leak -detection

modes. This form provides for 60 test results, although the minimum
number of tests required in the protocol is 42. “Use as many pages as-

- necessary to-summarize all of- the tests attempted. Report the results
- for each leak detection mode on separate forms. ' o

Indicate the commercial name and the version of the method ahd,thévperfod;
of evaluation above the table. The version is provided for methods that
might use different versions of the equipment for different products or

tank sizes. Also, indicate the leak detection mode fqr which these . -

" results were obtained. - -

_In‘general, the statistician analyzing the data will complete this

form. A blank form can be developed on a personal computer, the data

-base for. a given evaluation generated, and the two merged on the com-
- puter. The form can also be filled out manually. The input for that form

will consist of the field test results recorded by the evaluating .
organization's field crew on the Individual Test Logs and the ‘vendor's
test results. - : o ' R o : x .

The table consists of 10 columns. One line is pro?ided'fdr'éach“test{

‘performed during evaluation of the method. If a test was invalid or was

aborted, the test should be 1isteq with the appropriate'notation (e.g.,

invalid) on the line.

“The Test Number in. the first column refers to the test.huhber,fromftheyf

randomization design determined according to the. instructions in Sec-
tion 6.2 of the protocol. Since some changes to the design might occur
during the course of the field-testing, the test numbers might not always

~be in sequential order.

- Note that the results from the trial run need to be reported here as
~well. o . T ’

" The following 1ist matches the column input required with its ‘source, for

each column in the table. -

o .
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Reporting Form for Leak Test Results
Nonvolumetric Tank Tightness Testing Method

'Instruétioﬁs for completing the form-

This 3-page form is to be filled out by the ‘evaluating organization upon

-completion of the evaluation of the method in each of its leak detection -

modes. This form provides for 60 test results, although the minimum

number of tests required in the protocol is 42. Use as many pages as

- necessary to summarize-all of the tests attempted. Report the results
for each leak detection mode on separate forms. ‘ C

‘Indicate the commercial name.and the version of the method and the period
of ‘evaluation above the table. The version is provided for methods that
might use different versions of the equipment for different products or -
tank sizes. Also, indicate the leak detection mode for which these
results were obtained. . ' ‘ S : ’

- In general, the statistician analyzing the data will complete this

- form. A blank form can be developed on a personal computer, the data -

base for a given evaluation generated, and the two merged on the com-

puter. The form can also be filled out manually. The input for that form

- will consist of the field test results recorded by the evaluating
organization's field crew on the Individual Test Logs and the vendor's

test results. . oo ' B ' T

The table consists of 10 columns. One line-is provided for each test
performed during evaluation of the method. If a test was .invalid or was
aborted, the test should be listed with the appropriate notation (e.qg.,
invalid) on the.line. . . N Co A -

The Test Number in the first column refers to the test number from the -
randomization. design determined according. to the instructions in Sec-

‘tion 6.2 of the protocol. Since some changes to the design might occur :
. during the course of the field testing, the test numbers might not always

be in sequential order. -

HNote‘that.the results from the t%ia],runineed;to‘be'reported here as'
“well.: B N L R

iThe fo11qwing list matches the bolumn\input required'with jts source, for B
each column in the table. : S ' .

. B-19




Column_No. Input

Test number or tr1a1 run. “

Date at completion of last £i11
(if applicable)

Time at completion of last fill
(if applicable) .

Date test began:

Time test began.

Time test ended '

Product temperature differential
(if applicable) '

Nominal leak rate

9 ‘Induced leak rate

10 Leak test result

c:\ ~Noois W N

' Source

Random1zat1on design

Ind1v1dua1 Test Log

Ind1v1dua1 Test Log

" Individual Test Log
Individual Test Log

Individual Test Log

. Individual Test Log

Random1zat1on design

, Individual Test Log
) Vendor S test resu]tf

~ Note: the product temperature differential (column 7) is the d1fference
between. the temperature of the product added and that of the product in
the tank each time the tank is filled. This temperature-differential is

the actual differential achieved in the fie]d and not the nom1na1

temperature d1fferent1a1

.-B-20
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A - o Reporting™orm for Leak Test Results- . - IR
) - Nonvolumetric Tank Tightness Testing Method | ~
 Method Name and Version: ______ ' S . , - Leak Detection Mo‘dei
Evaluation Period: from - to '(Dates)
T If applicable | If applicable , .' ' If-applicable
‘| - Dateat Time at ' N . Product o ‘
Completion | Completion Date Test' | Time Test |  Time Test Temperature| . Nominal. | ‘Induced | Tank Tight? |
of LastFili | ofiastFili | Began Began | = Ended | Differential | Leak Rate | Leak Rate | (Yes,No,or |
TestNo. |  (m/dly) (military) * (m/dly) (military) (military) - (degF) | (gal/h) (gal/h) - | Test Invalid) .7

Trial Run 0

0 0
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_ Method Name and Version:

- Evaluation Period: from

Reportin

if applicable |

if applicable

(Dates) -

7 ‘ b:m for Leak Test Results
- Nonvolumetric Tank Tightness Testing Method

. Leak Defection Mode:

if applicable
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. Completion
- of Last Fill
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- Date Test’
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2 e a Y -
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-(Yes, No; or
Test Invalid)

21

(midly)

(deg F)
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" Method Name and Version;

s e rsts o
o Reportin§®¥orm for Leak TestResults. =~ 5 -
~ Nonvolumetric Tank Tightness Testing Method |

Leak Detection Mode: ..

_(Dates) - - I

Evaluation Period: from . to \

If applicable

1f applicable

1f abplicable

Date at -
Completion

Time at
Completion

Date Test

Time Test

“Time Test

" Product
Temperature

Nominal

‘induced

‘Tank Tight?

Leak Rate
(gal/h)

Leak Rate
| (gali)

Differentiai
(deg F)

(Yes, No, or
Test Invalid)

Ended

of Last Fill ,
_ (military)-_

(midly)

Began
(military)

| ‘ofLastFill
- (military) -

Began
" (midly)

- Test No.
41 .
42
43
44 . | , < T , I
45 ' ‘ . - , - T | : -
47.
48 < _ 1 4 — |
.- 50 ) . - . - . = .
51
52
53 .
54
55
. 56
d ' 58
D | 59 T |
60 | ,. . 11 |
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" 8. Leak rate data .

" Individual Test Log

ﬁbnvo]umetric Tank TightneSS‘Testihg Method

instrUctions for comp]éfing the form

* This 5-page test log form is to be filled out by the field crew of the ‘
~evaluating organization. A separate form is to be filled out:for each . - - -

individual test including the trial run (at least 43.) The information

on these forms is to be kept blind to the vendor during the period of.

evaluation of. the method. Adaptations of the form may be made as needed

- to document the evaluation data. -

s

The form' consists of nine parts. These are:

1. Header information ' o e -
2. General background information o : a S
3. Conditions before testing ' ' -

4. Topping off records (if applicable)

5. For tracer methods only o

6. Conditions at beginning of test X

7. Conditions at completion of testing

9. Additional comments, if needed B

- 10. -Data sheet for leak simulation for tracer methods

- 11. Data sheet for induced leak rate calibration. - 7 7

" A11 items are to.be fi]]éd_out and the appropriate boxes checked. If a
question” is not applicable, then indicate so as "NA". The following

provides guidance on the use of this form.

.‘Header Information

'"The headér infdrmation is to be repeated on ai]ffive>pages, ifiused; If -

a page is not used, cross it out and initial it. The.field operator from:

‘the evaluating organization needs to print-and sign his/her name and note
. the date of the test on top of each sheet., S ' ' :

The test number is the number obtained from thé randbmizatibn design. It
is not the sequential running test number. If a test needs to be rerun,
indicate .the test number of the test being rerun and indicate that on the

test log (e.g., Test No. 5 repeat).

General Background Information

- Indicate the commercial name of the method.  Include a version'%dentif§4

cation if the method uses different versions for different products or

- tank sizes.' The vendor's recommended stabilization period (if appli-

cable) has to be obtained from the vendor prior to testing. This is

- important since it will impact on the scheduling of the -evaluation. A1l
other items in this section refer to the test'tank and product. 1Indicate
the ground-water level at the tjme‘of.the test. ' C

A
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"Ind1cate date and time when the test is completed." :

e Theoret1ca11y, th1s 1nformat1on would remain unchanged for the whole
~‘evaluation period. - However, weather. conditions could change and affect .
- the ground-water level. Also, the eva]uat1ng organ1zat1on could change '
" the test tank. -

'Conditions Before Testing -

FiN in all the.blanks. If the 1nformat1on is obta1ned by calculation
. (for example the amount of water in the tank is obtained from the stick

reading and then converted to volume), this can be done after the test is
completed. Indicate the unit of all temperature measurements by check1ng ¥

-"the appropr1ate box.

" “Note that the term “cond1t1on1ng“ refers to all act1v1t1es undertaken by

the evaluating field crew to prepare for a test. As such, the term
refers to emptying or filling the tank, heating or coo11ng product, and -
changing the.leak rate. -In some .cases, all of the above is performed, in

others, only one parameter might be changed. For tracers, "cond1t1on1ng" -

refers to preparation of the tank for testing. It includes. the determ1n-
at1on of the t1me to wa1t between sp1k1ng -and test1ng

Topp1ng of f Records (1f app11cab1e)
If th1s step is performed f111 in the appropr1ate blanks.,;
For Tracer Methods Only ‘ |

Fill dn the appropriate information. Follow the instructions and
comp]ete the form on page 4. : . R T

jVCOnd1t1ons at Beg1mning of Test

The. evaluation organ1zat1on s f1e1d crew w111 have ca11brated the leak
simulation equipment - prior to the test. A1l leak rate calibration data’
need to be documented using the form on pages 4 or 5, as appropriate.

‘ Refer to prev1ous ca11brat1on if th1s has been done. Adapt the form as
‘necessary. - - -

~ Once the eva]uat1ng'organ1zat1on s field crew is ready with the induced .
.leak rate simulation, and the vendor starts the actual testing, record

the date and time that the vendor's test data collection starts. Also, '
indicate the product temperature at that time. Fi11 out the weather
condition section of the form. Indicate the. nom1na1 leak rate wh1ch is
obta1ned from the random1zat1on des1gn. ,

Cond1t1ons at Comp1etion of Testing'

. Again, st1ck the tank and record the read1ngs and ‘the amount of water 1n

the tank Record all weather conditions as. requested.

. B-25
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. Leak Simulation Form for Tracer Methods (page 4)

Leak Rate Data. - . ®
This sect1on is to be filled out by the evaluating organ1zat1on s AN
statistician or analyst performing the .calculations. -This section can

therefore be filled out as the evaluation proceeds or at the end of the

‘evaluation.

The nominal leak rate is obta1ned from page 2 (Cond1t1ons at Beg1nn1ng of -
Test). It should be checked against the nominal leak rate in the '
randomization design by match1ng test numbers.,. -

The induced leak rate is ‘obtained from the s1mu1at1on data. reported by
the evaluating field crew on page 4 or 5 of this form. .

The test result is that obtalned by the vendor for that test.

Give the mode being 1nvest1gated on the line fo11ow1ng the test answer 1f o
the method uses more than one mode of leak detect1on.

Add1t1ona1 Comments (1f needed)

Use this page for any comments (e.g., adverse weather cond1t1ons, .
equipment fa11ure, reason for invalid test, etc. ) perta1n1ng to that
test. o ;

¥

: i -
For tracer methods, use the form on page 4 to document and measure o I.
delivery of the carrier with the appropriate concentration of the tracer

to the spiking ports. Indicate the.tracer used and the concentration of -
tracer in the carrier in the appropriate spaces. Report the distances

.between spiking port and all sampling ports. Record the time and amount
- of material released in the spiking port to document the leak s1mu1ation

for, tracer methods. Use as many pages as needed. '
Induced Leak Rate Calibration Form (page 5)

For acoust1ca1 methods, the form on page 5 may be used to calibrate the
Tiquid flow through the simulator under a standard set of conditions.
The induced leak rate is the rate at which the liquid will flow at a
specified head or depth of product. This rate is determined by .
calibration and used as the leak rate for detection. The calibration
will have to be done at a different time, preferably before) than the
testing. A calibration is needed for each distinct leak rate. Once the
calibrations have been done, document on each daily test log the simula-
tion conditions and reference the appropriate calibration data sheets,
which should be attached to the da11y test log that first uses the g1ven

" induced leak rate.
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- General Background Information
.. Method Name and Version

Name of Field Operator _ ‘ . ,
Slgnature of Field Operator _ | . TestNo._

Date of Test

. Individual Test Log |
Nonvolumetrlc Tank Tlghtness Testmg Method

Instructlons
Use one log for each test.

_Fill in the blanks'and check the boxes, as appropnate S
. Keep test log even if test is mconcluswe : .

Product Type _‘ | _ | ) |
TypeofTank _ - - -~ R I

Tank Dlmensmns (nomlnal)

Dlameter ‘ - lnches
' .ength:' ___ . inches - . i o
Volume | galions T
Ground-wate'r Ievel L mches above bottom of fank |
Recommended stabmzatlon period before test. (per vendor SOP)
hours mxnutes o

3

Conditions Before Testing _ L :
Date__ - and military time___ __ at start of conditioning test tank

 Stick reading before partial emptying of tank

Product ___~ _ inches __gallons .- . o S

Water mches ' | gallons ‘ B ' ) .
Temperature of product in tank before partial emptylng o Frd orecd.
"Stick reading after partlal emptylng of tank . - ' S

Product ___inches _ galions

. Amount of product remoeved from tank (by subtractlon) . B . gallons
- Stick readlng after ﬂlhng tank totestlevel . = . _ | 1 a

Product______inches-_. _gallons
Water _ inches - _gallons

* Amount of product added to fill tank (by subtraction) l gallons

Nethlumet.ric‘TthMethod,,.- TestLog - ; " R f B o ‘Page 1 of 5




Name of Field Operator ,
Signature of Field Operator ‘ -+ Test Nd.

Date of Test

. Conditions Before Testing (continued) ‘ I
Temperature of product added to filltank °F'D or 'cd

Temperature of product in tank immediately after filling _______ °F Elor °C‘ D

Date and military time at completion of fill

Topping Off Récords (if applicable) .

Date . . and military time___ at corhplétion of topping off =
Approximate amount of product added . - gallons )
If tank overfilled, height of product above tank ___inches.

For Tracer Methods Only

Date and military time__~___ | tracér(é) isadded to product in test tank - .
Tracer used - o ' S

Amount of tracer used

Amount of product in test tank __ gallo’ns‘

> Complete the Tracer Leak slmulatuon form (use page 4)
Date and military time____ at start of test - »
Date and military time at conclusion of‘tes.t N

- Conditions at Beginning of Test s . . .
Date and military time : vendor began settlng up test equnpment

> Document mduced leak rate determmatlon (use page 5).. ‘ |

* Date ‘and military tlme . at start of vendor’s test clata collectlon

Temperature-of product i in tank at start of test ~_°F D or °C D

Weather Conditions '

Temperature °FJ orec[] R
Barometric preséure mm Hg [] or | in. Hg ] , -
wind None(dJ  LightC] - Moderate[] ~ strong[]
Precipitation . None[J  Lightl]  "Moderate[] = Heavy []

~ sunny L] ' Partly Cloudy ] .Cloudy [] o

Nominal leak rate gallon per hour .

Nonvolumetric TTT Method - Test Log |, ' . o o Page'z of 5




' Signature of Field Operator_~ "~~~ : ~"Test No._

' Date of Test *

If tracer(s) found list

Narne-of Field Operator

Conditions at Completion of Testing

Date .- and military time__ at completlon of test data collectlon

 Stick reading at completlon of test data collection .

- Product ___ - mohes gallons
- Water _inches " gallons

Condltlons at Completlon of Testmg (contmued)

‘ Weather ‘Conditions

Temperature  °F[ Jor°c D o ;
Barometric pressure -~ mm Hg ] or _inHgD .
wind - None[J. Lightl] = Moderate[] “Strong []
Precipitation - Nonel]  Lightl]) Moderate [ ] Heav_y D .
Sunny[] “Partly Cloudy [ ] Cloudy HE ‘ ’

Date _ and military time : . test equipment IS dlsassembled (if done v
for thlstest) and tank is ready for service : - :

‘V'Leak Rate Data .
_ Leak detectlon mode -

Nominal leakrate -~ galh

Induced leak 'rate _ gal/h
Flndlngs for Tracer Methods .
- [JNo tracer found D Tracer(s) found

' . . - . . . P

Test answer - [Lleaking 'Dtight\ | Dinooncidsive,

Additional Comments (Use back of page if »needed) -

Nonvolumetric TTT Method - Test ‘Log“ ' - ‘ o Page 3 of 5




Name of Field Operator
‘Signature of Field Operator

Date of test ' S ; L . TestNo.______ o ‘.

Leak Simulation Form for Tracer Method
(Reproduce form if needed)

Tracer used . , v , ‘
Carrier - - Lo .
- Concentration of tracer in carrier _ ‘ : o ‘ = } "

Distance from spiking portto: = -
Samplingport1 ____ Sampling port 5

Samplingport2 Samplingport6 ____ . - )
Samplingport3 ________ Samplingport7 ___~_ : - ,
Sampling port 4 Sampling port 8
Carrier ambunt_ R -
Time released in. | Comments ‘

{military) spiking port

0 o |[~Njo o [h (W | je

-t
o

=9
-t

-t
N

-t
w

-
-8

-
0
1

-4
(o2}

=Y
~

b
s}
-

-t
©o

20 , ‘ ' o

. I
. * |
| O R

Nonvolumetric TFT Method-Test Log . o . . Page4ofs
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Name of Field OpefatOr _
Slgnature of Field Operator

‘ Dateoftest , L y - Tes}Noﬂ

Induced Leak Rate Callbratlon Form |
(Reproduce form if needed) o

Time .,Amount* Comments
(military) RS :

-t

© |0 [N o Jo |& [0 |

iy
o

-t
-t

_‘.
N

-l
w

-k

-
o

-t
P B

oy
~N
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-
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N
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N
-

N
N

\"]
w
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. * Indicate all measurement.units! . ' T
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Reporting Form for water Sensor Eva]uat1on Data
Nonvo]umetr1c Tank T1ghtness Test1ng Method

This 4-page form is to be f111ed out by the field crew- of the evaluating
organization when evaluating the performance of the method's water

. sensor, if applicable. A separate form is to be filled out for each
individual test replicate (at least 20) The form provides a template to
‘record the data and cons1sts of three parts. These are° o '

1. Header information ‘ '
2. Template for recording the data obta1ned to determ1ne the minimum
~ water level that the sensor can detect in each -replicate (page 1)
3. Temp]ate for recording the data obtained when determ1n1ng the
< minimum water level change that the sensor can detect in each
\ rep11cate (pages 2- 4) .

EHeader Informat1on

The header information is to be repeated on a11 four pages, 1f used If ‘
a page is not used, cross it out and initial it. ‘ _ -

Indicate the ‘commercial name of the methdd._ Include a vers1on 1dent1f1- '
cation if. the method uses different versions for different products or

' ‘tank-sizes. Complete the date of test and product type 1nformat1on.-
-Ind1cate the test (rep11cate) number ‘on each sheet for each test

: The field operator from the evaluating organization needs to pr1nt and"
sign h1s/her name and note the date of the test on top of each sheet. -

Min1mum Detectab]e Water Leve] Data

v'Follow the test protoco] descr1bed 1n Sect1on 6.5 and - record a11 data on

",'page 1 of the form. When the sensor first detects the water, stop test- >>

~ing for this replicate. The minimum detected water level is calculated

. from the total amount of water added until the first sensor response and

- the geometry of the probe and the cy11nder. This calculation can be done
after all testing is completed and is generally performed by the statis-
tician or other person respons1b1e for data ana]ys1s.

“M1n1mum Detectab]e Hater Level ‘Change

After the first sensor response, continue with the test protoco1 as
described in Section 6.5. Record all amounts of water added and the
sensor readings at each increment: ‘using pages 2 to 4 as necessary. The
data to be entered in the third, fifth, and sixth columns on pages 2, 3,
and 4 of the form will be ca]cu1ated once all testing is completed.

- Again, the person responsible for the data ana]ys1s will generally —
~~ compute -these data and enter the calculated minimum water level detected
1 that rep]1cate run. :

B-32.







“Product Type:

Reportlng Form for Water Sensor Evaluatlon Data .
Nonvolumetnc Tank Tlghtness T estlng Method

Method Name and Versnon:

Date of Test:

: Volume of
Increment|  Water Added

Sensor
Reading
(inch)

No. - | = (mL)

‘ Name of Fneld Operator

Srgnature of Field Operator

Ol hiw]Nd|=

~ TestNo. __

Calculated Minimum

25

Total
Volume

{mL)

- ‘| Detectable Water Level (inches)

NOTE: This form provides a teniplafte for data reporting. Since the number of
increments is'not known from the start, the lengtht of the report form
‘will vary from test to test '

Nonvolumetric TTT-Water Sensor -

" Page 1 0f 4




Method Name and Version:
Date of Test:

Product Type:

‘ Reporting Form for Water Sensor Evaluation Data

Nonvolumetric Tank Tightness Testing Method -

Name of Field Operatdr:“

‘Signature of Field Operator:

. ,TeSt No, P

Increment
No.
A

Volume of
Water Added
(mL)

B

Calculated

Water Height
‘Increment, h

(in)
Cc

Sensor
Reading
(in)
D

Measured

Sensor

Increment
(in) .

E

Increment
" Difference
Calc.~Meas.
‘ (in)
C-E

Minimum water level detected, X:

inches (from

-h

page 1) .

OloiINIo |ninh|w ]|

-t
o

—t
-t

-
m,

-t
w

-l
N

-t
(4]

“

-t
(2]

-d
~

-t
«

-t
©w

3

N
oy

N

N
w

N
B

25 .

NOTE:  This form provides a templaté, for data reporting.

Use as many pages as necessary.

Nor{volumetric 'lTl" ~Water Sensor

v . .
1
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" "Reporting Form for Water Sensor Evaluation Data
Nonvolumetnc Tank Tlghtness Testing Method

v Me-thod Name and Versnon

‘ Date of Test: A

“Product Type:

Name of Field (')pe'rator‘:‘v-

;  Sighature of Field Operator:

. Test No. .

Increment
No.
A

Volume of *
Water Added
(mL)

~ Calculated -

. Water Height
Increment, h

(in)
c

Sensor .

Reading

-(in)
D

.Measured

‘Sensor.
Increment

~ (in)

- Increment

Caic.—-Meas. .

Difference

(in)
. C-E

.26

B

E

27

28

29

30

. 31

32

-33

- 35

36

37 .

38

'39

40

41

42

43

44

45

46

47

48

49

50

" NOTE:

Nonvolumetric TTT-Water Sensor

This form prowdes a template for data reportmg
Use as many pages as necessary '
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Method Name and Version:

Date of Test:

_ Product Type:

Reporting Form for Water Sensor Evaluation Data :
Nonvolumetric Tank Tightness Testing Method

Name of Field Operator: - .

Signature of Field Operator:

- Test No. -

lncrgment
No.
A

Volume of

Water Added

(mL)
B

Calcuia'ted '
Water Height

- Increment, h

(in)
C

Sensor - -

Reading -
) -
D .

Measured .
~ -Sensor
. Increment

(in)
E

increment
Difference
Calc.-Meas..
(n) °

C-E
51 -
53 . ' , | R
56 - - - Sl
57 ' - N B
58 . ‘ .
s ' - —
60 ' | '

61 . L
62 : s RN i o
63 L R ‘ '

64
65
66 . . . . _ v
- — ‘ o
69
70
71
72
73 °
74 e , | L |
75 - ‘ , : 1. . 2

NOTE:  This form provides a template for data reporting. : Con , s

Use as many pages as necessary.

~ Pagedof4 |
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